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ABSTRACT
An understanding of cosmic magnetism requires converting the polarization properties of extragalactic radio
sources into the rest-frame in which the corresponding polarized emission or Faraday rotation is produced.
Motivated by this requirement, we present a catalog of multiwavelength linear polarization and total intensity
radio data for polarized sources from the NRAO VLA Sky Survey (NVSS). We cross-match these sources with
a number of complementary measurements – combining data from major radio polarization and total intensity
surveys such as AT20G, B3-VLA, GB6, NORTH6CM, Texas, and WENSS, together with other polarization
data published over the last 50 years. For 951 sources, we present spectral energy distributions (SEDs) in both
fractional polarization and total intensity, each containing between 3 and 56 independent measurements from
400 MHz to 100 GHz. We physically model these SEDs, and where available provide the redshift of the optical
counterpart. For a superset of 25,649 sources we provide the total intensity spectral index, α. Objects with steep
versus flat α generally have different polarization SEDs: steep-spectrum sources exhibit depolarization, while
flat-spectrum sources maintain constant polarized fractions over large ranges in wavelength. This suggests
the run of polarized fraction with wavelength is predominantly affected by the local source environment, rather
than by unrelated foreground magnetoionic material. In addition, a significant fraction (21%) of sources exhibit
‘repolarization’, which further suggests that polarized SEDs are affected by different emitting regions within
the source, rather than by a particular depolarization law. This has implications for the physical interpretation
of future broadband polarimetric surveys.
Subject headings: astronomical databases: miscellaneous — catalogs — magnetic fields — polarization —
surveys
1. INTRODUCTION
The combination of cosmic magnetic fields and charged
particles, both of which are ubiquitous in the universe,
results in the emission of synchrotron radiation from radio
sources (e.g. Longair 2011). This radiation is fundamentally
linearly polarized, and both the fractional polarization and
electric vector polarization angle (EVPA) of this emission
show significant frequency-dependence (e.g. Burn 1966).
This frequency-dependence is due to Faraday rotation and
depolarization which, for extragalactic sources, are typically
considered to be caused by magnetoionic material that either
intervenes between us and the observed emitting region, or
is intermixed with the emitting region itself (e.g. Burn 1966;
Tribble 1991; Sokoloff et al. 1998; Mantovani et al. 2009).
Understanding of Faraday rotation and astrophysical
depolarization requires broadband radio measurements, and
a large number of facilities are currently available or
planned that will have the necessary bandwidth to study
cosmic magnetic fields. For example, the Australian
Square Kilometre Array Pathfinder (ASKAP) will observe
at frequencies between 700 MHz and 1.8 GHz, (Johnston et
al. 2008), the Australia Telescope Compact Array (ATCA) at
≥ 1.1 GHz (e.g. Wilson et al. 2011), the Giant Metrewave
Radio Telescope (GMRT) at frequencies <1.4 GHz (e.g.
Farnes et al. 2014), the GALFA Continuum Transit Survey
(GALFACTS) with Arecibo between 1.2 and 1.5 GHz (Taylor
& Salter 2010), the Karl G. Jansky Very Large Array (JVLA)
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at >1.2 GHz (e.g. Perley et al. 2009), the Low-Frequency
Array (LOFAR) at <230 MHz (van Haarlem et al. 2013),
and the Murchison Widefield Array (MWA) between 80 and
300 MHz (Tingay et al. 2013).
Many of these facilities are pathfinders towards the Square
Kilometre Array (SKA) Cosmic Magnetism Project (Gaensler
et al. 2004; Beck 2011). The SKA will detect up to ≈ 107
polarized extragalactic sources on the sky at a mean spacing
of ∼ 90 arcsec (Gaensler et al. 2004), and provide broadband
measurements of both the polarized fraction and Faraday
rotation. The polarimetric measurements that result will be
used to construct a densely-sampled ‘Rotation Measure grid’
(Beck & Gaensler 2004; Gaensler et al. 2005) that allow for
analysis and reconstruction of the Galactic magnetic field (e.g.
Taylor et al. 2009; Jansson & Farrar 2012; Oppermann et al.
2012), for investigation of the evolution of magnetic fields
over cosmic time (e.g. Kronberg et al. 2008; Hammond et al.
2012; Beck et al. 2013), and can reveal physical properties
of the central engines in radio sources (e.g. O’Sullivan et al.
2012).
Making sense of such data will require two capabilities: fast
cross-matching algorithms for identification of counterpart
sources with known redshifts at complementary wavelengths,
and more importantly ‘k-corrections’ that will allow for the
polarization properties to be determined in the emitting frame
of a source. These k-corrections will be necessary for
the polarized fractions, the rotation measures, and possibly
also for Faraday rotators that have a non-linear relationship
between the EVPA and λ2. In order to k-correct the polarized
fraction to the emitting frame, we will require well-defined
polarized spectral energy distributions (SEDs). Such SEDs
can also be used to investigate the predominant causes of
depolarization, and to classify individual sources.
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As continuous broadband polarization data for a large
number of sources will not be available until the next
generation of radio telescopes, we can instead attempt to
construct SEDs from existing data, to enable k-corrections
of polarized sources. Polarized SEDs can be reconstructed
using the considerable amount of archival polarimetric
radio data, but require careful consideration of numerous
systematics including resolution effects, beam depolarization,
multiple source components, time-variability, Rician bias,
differing uncertainties, outliers, and the use of either an
interferometer or a single dish for data collection. The
polarized fractions and rotation measures of 37,543 sources
have been determined previously at 1.4 GHz using the NRAO
VLA Sky Survey (NVSS) (Condon et al. 1998; Taylor et
al. 2009). Polarized fractions and EVPAs have also been
presented in a large number of other radio catalogs (e.g.
Simard-Normandin et al. 1980; Tabara & Inoue 1980; Simard-
Normandin et al. 1981b, 1982; Zukowski et al. 1999; Klein
et al. 2003; Tingay et al. 2003; Murphy et al. 2010). In
addition, surveys that provide total intensity data allow for
measurement of the spectral index and any spectral curvature
(e.g. Becker et al. 1991; Douglas et al. 1996; Gregory et
al. 1996; Rengelink et al. 1997). Furthermore, the NVSS
Rotation Measures (RMs) have recently been matched against
optical catalogs, providing spectroscopic redshifts for more
than 4,000 polarized radio sources (Hammond et al. 2012).
This conglomeration of data not only provides the EVPAs,
polarized fractions, and redshifts needed to construct and
then k-correct a polarized SED, but also accumulates a large
number of complementary parameters that are relevant to
efforts for understanding cosmic magnetism.
In this paper, we cross-correlate the aforementioned data
using a K-Dimensional Tree (as described by Bentley 1975).
Such a technique is able to rapidly eliminate large numbers of
sources from a list of possible cross-matches. Consequently,
the algorithm allows for a computationally inexpensive
nearest-neighbor search – reducing the problem from O(N2)
to O(N logN). By accumulating data obtained at different
frequencies, the algorithm allows us to construct a polarized
radio SED with measurements between 0.4 GHz to 100 GHz.
We then present a catalog of model fits to the polarized SEDs.
The catalog also contains narrow and broadband RMs, total
intensity spectral indices, estimates of the depolarization, and
spectroscopic redshifts. We carefully detail the systematics
and limitations of the catalog, including resolution effects,
and the effect of multiple source components. This catalog
constitutes the most comprehensive database of linear radio
polarization currently publicly available, and increases the
number of well-defined polarized SEDs by over an order of
magnitude (e.g. Klein et al. 2003; Fanti et al. 2004; Rossetti
et al. 2008; Mantovani et al. 2009). In this paper, we
present the catalog of measurements of compact polarized
radio sources, and define the possible uses and limits of our
sample. Thorough scientific exploitation of this catalog is
beyond the scope of this paper and will be the subject of future
studies.
Throughout this paper, we characterize Faraday rotation as
a rotation of the observed EVPA as a function of wavelength,
so that
ΘEVPA =Θ0 +RMλ2 , (1)
where λ is the observing wavelength, ΘEVPA and Θ0 are
the measured and intrinsic EVPA respectively, and the factor
of proportionality RM, the rotation measure, is the gradient
of the EVPA with λ2. A more generalised quantity to
parameterize Faraday rotation is the fundamental physical
quantity, the Faraday depth. As a special case, the Faraday
depth at which all polarized emission is produced is equal to
the RM if there is only one emitting source along the line
of sight, which has no internal Faraday rotation, and is not
affected by beam depolarization, and there are only Faraday
screens along the sight line (for further detail, please see
Brentjens & de Bruyn 2005). In such a case
RM =
e3
2pim2ec4
∫ 0
d
neB ·ds , (2)
where ne is generally the electron number density of the
plasma and B is the magnetic field strength. The constants
e, me, and c are the electronic charge, the mass of the
electron, and the speed of electromagnetic radiation in a
vacuum respectively. The integral is performed along the line
of sight from the source (at distance d) to the observer.
The paper is structured as follows: Section 2 details the
collection and preparation of the data used from various radio
facilities. The cross-matching and fitting of each SED are
explained in Sections 3 and 4 respectively. The catalog itself
is presented in Section 5, and possible systematic effects
on the catalog are considered in Section 6. The results are
presented in Section 7. Possible future applications and a
general discussion are presented in Section 8. The total
intensity spectral index, α, is defined such that Sν ∝ ν+α,
where Sν is the radio flux density and ν is the observing
frequency. The polarized SEDs are fit using a number
of applicable models, which include a polarization spectral
index; β is defined such that Π ∝ λβ , where Π is the
polarized fraction and λ is the observing wavelength. Note
that β is defined in the opposite sense to the total intensity
spectral index, α, in that it is the exponent of observing
frequency rather than wavelength. We refer to ‘polarization’
on multiple occasions, in all cases we are referring to linear
radio polarization – circular polarization is beyond the scope
of this work.
2. COLLECTION AND PREPARATION OF DATA
We have collected data from throughout the literature
at many different observing frequencies. The various
parameters of the data incorporated into the catalog are
displayed in Table 1, along with the abbreviations with which
we will refer to them. Many of these data are available in
an electronic format, while for others we manually converted
them into a digitally accessible form.
In all of the various catalogs, sources flagged as extended
or unreliable in the original data were removed. Many
source fluxes and polarized fractions in the literature were
stated as an upper limit based on the detection threshold of
a particular set of observations – these measurements were
also excluded. On occasion, some data displayed unusual
values, with a flux density of zero janskys, negative values
for positive-definite quantities, and polarized fractions of >
100% – such values were also removed. Furthermore, the
EVPAs were defined using differing conventions, with values
between either 0◦ to 180◦ or between −90◦ to +90◦. All input
data were adjusted so that the EVPA in the final catalog is
consistently defined between 0◦ to +180◦ from North through
East. The coordinates of each input catalog were all converted
to equatorial J2000 (in decimal degrees). Note that not
all polarization catalogs also contain the corresponding total
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Table 1
Parameters of the archival data incorporated into our catalog. Data are listed in the order they were
cross-matched.
Abbrev. Nsources Resolution Frequency Polarization Redshift Ref.
/MHz
NVSS RM 37543 45′′ 1400 Yes No 1
NVSS 1.8×106 45′′ 1400 Not useda No 2
H12 4003 45′′ 1400 Not usedb Yes 3
TI80 1510 Various (coarsest of ≈ 6.5′)c 400–100000 Yes Not usedd 4
AT20G 5890 8.3′′×21.1′′e 4860 Yes No 5
· · · · · · 4.6′′×11.7′′ 8640 Yes No · · ·
· · · · · · 10.8′′ 20000 Yes No · · ·
Z99 154 3′ 4700 Yes No 6
T03 185 7′′ 1400 Yes No 7
· · · · · · 4.5′′ 2496 Yes No · · ·
· · · · · · 2′′ 4800 Yes No · · ·
· · · · · · 1′′ 8640 Yes No · · ·
B3-VLAf 192 261′′ 2695 Yes No 8
· · · · · · 147′′ 4850 Yes No · · ·
· · · · · · 69′′ 10500 Yes No · · ·
SN80 103 6.5′g 1580 Yes No 9
· · · · · · 6.0′ 1720 Yes No · · ·
SN81 185 6.5′ 1580 Yes No 10
· · · · · · 5.9′ 1760 Yes No · · ·
· · · · · · 0.7′ 14750 Yes No · · ·
SN82 68 2.1′ 10500 Yes No 11
GB6 75162 3.6′ 4850 No No 12
WENSS 229420 54′′×54′′cosecδ 326 No No 13
Texas 66841 ≈ 3.4′ 365 No No 14
NORTH6CM 53522 3.5′ 4850 No No 15
References. — (1) Taylor et al. (2009); (2) Condon et al. (1998); (3) Hammond et al. (2012);
(4) Tabara & Inoue (1980); (5) Murphy et al. (2010); (6) Zukowski et al. (1999); (7) Tingay et al.
(2003); (8) Klein et al. (2003); (9) Simard-Normandin et al. (1980); (10) Simard-Normandin et al.
(1981b); (11) Simard-Normandin et al. (1982); (12) Gregory et al. (1996); (13) Rengelink et al.
(1997); (14) Douglas et al. (1996); (15) Becker et al. (1991).
aThe original NVSS contains polarization measurements. However, the NVSS RM catalog also
provides the RMs and takes the effects of bandwidth depolarization into account.
bThe catalog of H12 contains identical polarization information to that of the NVSS RM data.
cTI80 accumulates data published prior to 1978, and does not state the angular resolution – we
therefore assume the observing beam to be large throughout our analysis.
dThe catalog of TI80 contains redshift data, but due to the better angular resolution of the Sloan
Digital Sky Survey (SDSS) we consider the counterpart sources identified in Hammond et al. (2012)
to be superior.
eThe AT20G has a beam that changes with declination. The values listed are the typical values for
the survey.
fThe B3-VLA catalog includes data from the NVSS at 1.4 GHz; we do not include this data a
second time.
gThe stated observing beams of SN80, SN81, SN82 are approximate values based on the dish
diameter.
intensity data.
The final catalog contains data measured with a variety of
different instruments, including that obtained during many
large-scale surveys. The NVSS (Condon et al. 1998) was a
1.4 GHz survey with the Very Large Array (VLA) covering
the entire sky north of −40◦ declination at a resolution of
45 arcsec. The rms brightness fluctuations are approximately
uniform across the sky at ∼ 0.45 mJy beam−1 in Stokes
I and ∼ 0.29 mJy beam−1 in Stokes Q and U . The
astrometry is accurate to within < 1 arcsec for point sources
with flux densities > 15 mJy, and to < 7 arcsec for the
faintest (∼ 2.3 mJy) detectable sources. The survey has a
completeness limit of 2.5 mJy, and resulted in a catalog of
over 1.8 million discrete sources in Stokes I. Taylor et al.
(2009) reanalyzed the NVSS in order to derive RMs towards
the radio sources with signal-to-noise (s/n) greater than 8σ in
polarized intensity, leading to RMs for 37,543 radio sources
– an average density of approximately one RM per square
degree. The RMs are based on just two narrow adjacent
frequency bands, resulting in the possibility of significant
uncertainty in each measurement. An attempt to overcome
ambiguities in the RM was made using the depolarization
of each radio source. The overwhelming majority of these
sources are presumed to be extragalactic.
We now detail other previous observations that we have
included into our catalog. We complement our catalog
with measurements from the B3-VLA sample (see e.g. Klein
et al. 2003, for further details), which consists of 1,049
radio sources in five flux-limited subsamples stronger than
0.1 Jy at 408 MHz. Follow-up measurements with the
Effelsberg 100 m telescope extended the frequency range
to 151 MHz through to 10.5 GHz, which allowed detailed
spectral studies of a sample exceeding 1,000 sources in total
intensity. For the 192 sources with detected polarization at
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10.5 GHz, additional measurements were taken at 2.695 GHz
and 4.85 GHz.
We also include data from the AT20G survey, which
was a blind 20 GHz survey of the entire southern sky at
Galactic latitudes, |b|> 1.5◦, carried out using the Australia
Telescope Compact Array (ATCA) (Murphy et al. 2010).
The AT20G consisted of 5,890 sources above a flux density
limit of 40 mJy, and included near-simultaneous observations
at 4.8 GHz and 8.6 GHz for most sources south of −15◦
in declination. The AT20G includes linear polarization
measurements at all frequencies.
Our catalog also includes additional linear polarization
measurements obtained at 4.7 GHz for 154 extragalactic radio
sources using the Effelsberg 100 m telescope (Zukowski et
al. 1999), at 1.4 GHz, 2.5 GHz, 4.8 GHz, and 8.6 GHz
for 202 sources using the ATCA (Tingay et al. 2003),
between 1.58 GHz and 1.76 GHz and at 14.75 GHz for
141 sources, and at 1.58 GHz and 1.72 GHz for 91 sources
using the 100 m telescope at the Max-Planck-Institut für
Radioastronomie (Simard-Normandin et al. 1980, 1981b),
and at 10.5 GHz for 68 sources using the Algonquin Radio
Observatory (ARO) 46 m telescope (Simard-Normandin et al.
1982). We also include the accumulated data for 1,510 radio
sources published prior to 1978 (Tabara & Inoue 1980).
Although containing no linear polarization information,
there are also a significant number of total intensity catalogs.
We include data into our catalog from the GB6 survey at
4.85 GHz, which was made with the NRAO seven-beam
receiver on the Green Bank 91 m telescope and detected
75,162 discrete sources (Gregory et al. 1996). We also include
the NORTH6CM survey at 4.85 GHz, which detected 53,522
sources (Becker et al. 1991). Furthermore, we include data at
lower frequencies: from the Westerbork Northern Sky Survey
(WENSS) at 326 MHz which detected 11,299 sources to a
limiting flux density of ≈ 18 mJy (Rengelink et al. 1997),
and from the Texas Interferometer at the University of Texas
Radio Astronomy Observatory which detected 66,841 sources
at 365 MHz and is 80% complete at ≈ 0.25 Jy (Douglas et al.
1996).
Efforts have previously been made to identify comple-
mentary sources at other wavelengths in total intensity (e.g.
Kimball & Ivezic´ 2008; Ricci et al. 2013). The NVSS has also
been used to identify optical counterparts and spectroscopic
redshifts for 4,003 linearly polarized radio sources, using
various resources including the Sloan Digital Sky Survey
(SDSS) (Abazajian et al. 2009; Hammond et al. 2012).
The varying sky coverage, observational frequencies, and
other systematics have complicated the interpretation of these
previous catalogs, as it is not particularly clear which source
population is being studied. A sample selected at a single
observational frequency, and with as uniform sky coverage as
possible, is therefore beneficial in minimizing the selection
effects that are intrinsically abundant when producing such
a catalog. As shall be detailed in Section 3, our catalog
constitutes a polarized 1.4 GHz flux-limited sample, based on
the NVSS.
3. CROSS-MATCHING
3.1. Foundations of Cross-Matching
Cross-matching is the process of identifying counterpart
sources that are coincident in position on the sky. This process
is typically used for total intensity measurements, but we
seek to expand the method for cases with a corresponding
polarization measurement. We wish to use such a technique
to group measurements at different observing frequencies that
correspond to the same physical source. Various techniques
have been previously implemented to cross-match radio
catalogs, and any such method must provide quantitative
limits on the probability of false catalog associations.
Previously used techniques have included nearest-neighbor
searches (e.g. Ivezic´ et al. 2002; Whittam et al. 2013) and
Bayesian approaches (e.g. Budavári & Szalay 2008). Such
techniques constitute a form of coincidence-assessment that
can be used to determine the probability of finding false
matches, i.e. the false-detection rate (FDR).
A cross-matching algorithm needs to be computationally
efficient. We are limited here by our largest data set, the
NVSS, which consists of 1.8 million sources across 75% of
the sky. We therefore implement the use of a K-Dimensional
Tree (Bentley 1975). Such an algorithm is a computationally
inexpensive nearest-neighbor search – reducing the problem
from O(N2) to O(N logN) – and returns all of the matches
within a pre-defined spatial radius around a reference source.
The K-Dimensional Tree is thereby able to rapidly eliminate
large numbers of sources from a list of possible cross-
matches.
It is necessary to choose a reference catalog to which source
associations can be concatenated. We define this reference
catalog to be the NVSS RM data at 1.4 GHz (Taylor et al.
2009). Each secondary catalog was then cross-matched with
the reference catalog. There are two possible outcomes to this
process: (i) a cross-match exists and the relevant secondary
catalog data are attached to the corresponding NVSS RM
source, or (ii) a cross-match does not exist and the secondary
catalog data are discarded for that NVSS RM source. In this
manner, we produce a flux-limited sample that is selected on
the basis of being polarized at 1.4 GHz.
Further constraints are also required in order to control
the FDR, as the various secondary catalogs all have different
resolutions, sensitivities, and unevenly-spaced coverage on
the sky. The FDR is further affected by the combined
astrometric errors of both the reference and secondary
catalogs, which limit the accuracy of any given source
position. The various sensitivities and sky coverage will
only affect the completeness of our final catalog. On the
other hand, the differing resolutions can introduce a number
of systematics (see Section 6 for further details on catalog
systematics and limitations). However, we only consider
sources that are unresolved at all wavelengths: ensuring
that any measured beam depolarization is not affected by
the differing parameter-space of each input catalog. The
presence of beam depolarization, or otherwise, is one of
the many physical inferences that may be drawn from a
resulting catalog. Furthermore, while the effects of multiple
source components or internal source structure could likely
only be overcome by a broadband and high-resolution all-sky
polarization survey, such as that to be performed by ASKAP
or the SKA – other measures of a source (such as the total
intensity spectral index and optical counterpart properties)
can also allow for such effects to be studied. In this way,
differing resolutions do not affect a resulting catalog; each
source being consistently unresolved is rather an aspect that
will be useful for future investigations. These effects are
therefore beyond the scope of this current paper. Importantly
however, the differing resolutions could lead to potentially
cross-matching independent sources that are unresolved in a
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given individual catalog – thereby increasing the FDR. We
therefore need a matching criterion that defines a suitable
astrometric matching radius, and that considers whether each
source is appropriately isolated within the observing beam.
We shall consider matching criteria in Section 3.2.
As the NVSS RM data do not contain the angular size,
EVPA, or redshift of each source, we add this information to
the catalog by cross-matching to the original NVSS (Condon
et al. 1998) and to a catalog of NVSS redshifts (Hammond
et al. 2012). As all three catalogs use the NVSS source
positions, an arbitrarily small cross-matching radius was used
to combine the data.
3.2. Defining the Matching Radii
As the FDR is a measure of the probability of coincidental
associations, this must be primarily related to the density of
sources on the sky. Following Condon et al. (1998), such a
relation is given by
P(< r) = 1− exp(−piρr2) , (3)
where the probability of the nearest unrelated source, P(< r),
lying within an area pir2 is dependent on the number of
sources per square degree, ρ. By adjusting the maximum
threshold radius at which cross-matches are confirmed or
rejected, it is therefore possible to control the FDR to be
below some subjective limit that we deem to be acceptable.
Such methods are useful for checking if optical sources
emit in the radio, as the coordinates to optical sources
typically have good positional accuracy. The situation
becomes more complicated when comparing two sets of radio
data, in which there may be significant inaccuracies in both
surveys to be matched. Furthermore, while such cross-
matching evaluates the positional accuracy (or astrometry)
of each measurement, it does not take resolution effects into
account. It is possible that unresolved sources as seen with a
larger observing beam are resolved into separate components
in a high resolution survey. Consequently, we define two radii
for our matching criterion – an astrometric radius, ra, that
accommodates the accuracy of a measured source position,
and an isolation radius, ri, that handles resolution effects.
In choosing an astrometric radius, we need to properly
consider that the astrometric errors are not dominated by those
in a single survey, and that there are typically significant
contributions from both the reference and secondary catalogs.
We assume that the effects of s/n on the astrometry are
negligible; while the positional uncertainty typically depends
on the s/n, all of our sources are of sufficient s/n to be
detected in linear polarization – which tends to select the
sources of highest total intensity flux density within a given
survey. We approximate the rms uncertainty in the source
positions to be given by the combined rms of both catalogs,
such that σ =
√
σ21 +σ22 , where σ1 and σ2 are the contributions
from the reference and secondary catalogs respectively. We
estimate that a suitable ra could be ≈ 3σ, such that we would
allow a match if a source is within the ∼ 99.7% confidence
interval. Nevertheless, values of ra smaller than 3σ would
also be acceptable, as this only serves to place a tighter
constraint on the identified cross-matches. Moreover, due to
the low source density of our catalogs, coincidental matches
can be expected to be low even for substantially larger ra (see
equation 3). Of course, the most reliable method would be to
independently measure the positional errors in each catalog.
To balance these considerations, the exact chosen values of ra
are determined empirically from an assessment of the FDR in
Section 3.3. The estimated positional errors for each survey
are stated in Table 2. In cases where the astrometry is not
provided for a secondary catalog, we make the conservative
estimate that the rms uncertainty in each position is given by
< θ/3, where θ is the FWHM of the resolution element.
In terms of an isolation radius, we always take ri to be
equal to the FWHM of the catalog with the larger observing
beam – regardless of whether the secondary catalog to be
cross-matched has an observing beam that is smaller or larger
than the NVSS beam of FWHM θNVSS = 45 arcsec. As ri is
a radial distance, the source will always be isolated within
2×FWHM of the catalog with the larger observing beam.
The isolation radius used is listed in Table 2. This provides
a limited number of possible isolation scenarios while cross-
matching an individual source, as follows:
i No sources are detected within ri.
ii Only one source is detected within ri.
iii More than one source is detected within ri.
In case (i), nothing is done and we simply iterate to the
next source. In case (ii), the detected source is appended
to the reference catalog if the astrometric radius does not
denote this as a positional coincidence. In case (iii), the
source consists of multiple components and neither of these
components are appended to the final catalog. Consequently,
the catalog selects isolated sources, which are unresolved at
all frequencies.
3.3. Assessing the False Detection Rate
In order to assess the reliability of a particular cross-match,
we need to measure the combined positional errors of each
of our catalogs relative to the NVSS RM reference catalog.
This also allows us to measure the most suitable astrometric
cross-matching radius, ra. In addition, we would also like
to estimate the FDR by placing quantitative limits on the
number of false cross-matches that would arise if a given
survey was cross-matched to a collection of sources that
were distributed randomly across the sky. Following the
methodology of Whittam et al. (2013), we run the cross-
matching as normal, and then a second time with the position
of each source being offset by 10/
√
2 arcmin in both right
ascension and declination. For both runs, we record the radial
distance between every source and its identified counterpart.
The histogram of the number of matches as a function of
the radial distance between matches can then be created
for both the true and offset sky positions. The separation
between matched sources is a measure of the combined
positional errors in both catalogs, and allows us to estimate
the positional errors and the number of coincidental matches.
These histograms are shown in Fig. 1 for every cross-
matched catalog. The number of matches for the true and
offset sources becomes approximately equal at some specific
separation, and this distance was estimated and chosen as
the astrometric matching radius. If this astrometric radius is
underestimated, a substantial number of real matches will be
rejected. Conversely, if overestimated, we will be accepting
an increasing number of false matches with minimal return
in terms of an increased sample size. Our estimates therefore
provide a balance between maximizing our sample size and
maintaining a low FDR. The estimated values for ra are
typically proportional to the estimated uncertainties in the
source positions as shown in Table 2. For cross-matching,
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Table 2
The Astrometry, Astrometric and Isolation Radii, and False Detection Rate for Cross-Matched Data
Abbrev. Estimated positional uncertainty (1σ) Isolation radius (ri) Astrometric radius (ra) False Matches Real Matches FDR
/arcsec /arcsec /%
NVSS < 1′′ for S > 15 mJy N/A N/A N/A N/A N/A
· · · ∼ 7′′ for S≈ 2.3 mJy · · · · · · · · · · · · · · ·
TI80 < 2.2′ 390 150 38 767 5.0
AT20G 0.9′′ in right ascension 45 7 4 1272 0.3
· · · 1.0′′ in declination · · · · · · · · · · · · · · ·
Z99 < 1.0′ 180 25 0 54 0.0
T03 < 1′′ 45 5 1 103 1.0
B3-VLA ∼ 1′′ 69 10 1 132 0.8
SN80 < 2.2′ 390 140 7 144 4.9
SN81 < 2.2′ 390 · · · · · · · · · · · ·
SN82 < 2.2′ 390 · · · · · · · · · · · ·
GB6 ≈ 7.5′′ in right ascension 216 90 715 16700 4.3
· · · ≈ 8.5′′ in declination · · · · · · · · · · · · · · ·
WENSS 1.5′′ 54 17 133 11893 1.1
Texas ≈ 1′′ 204 10 363 5789 6.3
NORTH6CM 25′′ 210 90 463 14166 3.3
the set of secondary measurements were only appended to
the reference catalog if the listed source positions agreed to
within ra.
As an example, we consider the case of the AT20G. Based
on our matching criteria, the offset sky positions result in
four matches, compared to 1,272 matches when no offset is
added. We therefore estimate the FDR of the AT20G (when
combined with the NVSS RM catalog) to be ≈ 0.3%. In
Table 2, we list the measured astrometric radii that we used
for the cross-matching of each catalog, together with the
number of matches for each catalog, and the estimated FDRs.
Histograms of the number of cross-matched measurements
for each source are shown in Fig. 2. The histograms show that
most polarized sources have ≤ 20 measurements, while a few
sources have up to 56 measurements. Similarly, most total
intensity sources have≤ 5 measurements, while a few sources
have up to 12 measurements. Note that some measurements
are at similar or closely-spaced wavelengths.
4. SPECTRAL ENERGY DISTRIBUTIONS: FITTING
AND AUTOMATED CLASSIFICATION
4.1. The Model Selection Algorithm
The cross-matching in Section 3 provides 951 SEDs, each
of which yields measurements of the polarized fraction as
a function of observing wavelength (as shown in Fig. 3),
and of the total intensity as a function of frequency (as
shown in Fig. 4). The SEDs show a significant number
of different behaviors, with sources showing a monotonic
decline, distinct maxima, or even oscillatory behavior with
varying wavelength. We now wish to fit a depolarization
model to each SED and here focus on the fitting and model
selection procedure – the physics that motivates each model
is detailed in Appendix A. Across the wavelength range of
0.4 GHz to 100 GHz, we only use sources that have three or
more data – often providing minimal constraints to our fits.
Fitting to such empirical data is one of the most ubiquitous
and notorious problems in astronomy (Isobe et al. 1990;
Feigelson & Babu 1992; Akritas & Bershady 1996; Kelly
2007).
Model fitting can assist in further reducing the FDR (the
FDRs were measured in Section 3.3). Consider the case
where the data exhibit ‘regular depolarization’, which we
define to be an unambiguous and monotonic decline in
fractional polarization as a function of increasing wavelength,
e.g. as shown by the sources in the top-left and middle-left
of Fig. 3. We make the assumption that the distribution
of Π values4 can be very approximately modeled as being
drawn from a Rayleigh distribution – such an assumption
may be reasonable based on previous studies which show a
distribution that is positive-definite, with a defined peak, and
an asymmetric tail (e.g. Grant et al. 2010; Massardi et al.
2013), although such analyses require careful consideration
of numerous systematics (e.g. Hales 2013). In the simplest
case, all values are drawn from distributions with a similar
mean, σ
√
pi
2 , and mode, σ, for the population at each
frequency. The probability of drawing three values from
these distributions that appear to monotonically decline as
a function of wavelength was estimated using Monte Carlo
techniques to be 0.16. Consequently, our estimated typical
FDR of ≈ 5% (see Table 2) can be modified to ≈ 0.8% (i.e.
5%×0.16) for cases where an SED with three measurements
is found to be a regular depolarizer. The FDR continues to
decrease as a function of the number of measurements in the
SED: with four data our estimated FDR can be modified to
≈ 0.21%, while with five data our FDR becomes ≈ 0.04%.
Note that our catalog contains up to 56 measurements in
a single SED (see Table 1). These FDRs are best case
scenarios, depending on our assumption that a Rayleigh
distribution can be used to model the polarized fractions. At
the very minimum, we estimate that at least 578 of the 951
sources in our catalog are regular depolarizers, and can be
considered to have a reduced FDR. For many more sources
this becomes complicated to assess due to the uncertainty
of each datum. It should be noted that such an argument
does not exclude that we may be probing different parts of
the source at each observing frequency, especially as the
recorded Π in each input catalog is biased towards the most
highly polarized region of a given source. Consequently,
any measurement of different source components will affect
our estimate of a reduced FDR – we therefore maintain our
worst-case assumption of a FDR of ≈ 5% (see Section 6 for a
discussion of systematic effects in the catalog).
We are therefore faced with the issue of both obtaining the
4 Π = P/I =
√
Q2 +U2/I – we here neglect any correction for the effect of
Rician bias – see Section 6.4 for further details.
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Figure 1. Histograms of the number of sources from the NVSS RM catalog (Taylor et al. 2009) with identified counterparts, as a function of the measured
angular separation between the NVSS RM and counterpart source in arcsec. Each histogram shows the output for every secondary catalog that was added to
our sample, relative to the NVSS. In an idealised scenario, with no positional errors in either the NVSS or secondary catalog, we would expect to obtain a delta
function at an angular separation of zero with a height equal to the total number of sources. The black solid lines show the results for the true source distribution,
and the red solid lines show the results for a quasi-random source distribution with an added positional offset. Note that the red source distribution is scaled in
the plot to appear larger by a factor of 10. The number of positional coincidences for the quasi-random source distribution is typically low, and for many plots
are not visible on the axes despite the scaling. The estimated astrometric cross-matching radii are shown as dashed vertical black lines, and were estimated based
on the angular separation at which the number of true and randomized sources is approximately equal.
parameters that define the fitted SED, while also attempting
to determine the physical model that best describes each
source. For this purpose of model selection, we therefore need
to pick a number of models a-priori that may describe the
physics of each source. The functional forms of the chosen
models are described in detail in Section 4.3, alongside our
justification for their use. The physics that motivates each
of these models is explained in Appendix A. Distinguishing
which of these is the correct model has been well-described
in the case of univariate data (Clauset et al. 2009), while in
the case of bivariate data such as that presented here, linear
regression is the most appropriate tool (as described by e.g.
Warton et al. 2006). As each SED consists of independent
data with differing 1σ uncertainties, we use a combination of
weighted least squares (WLS) and the non-linear Weighted
Levenberg–Marquadt algorithm (LMA) to perform the fitting
of each model. We use WLS for cases where the model to
be fit can be linearized, and use the LMA for non-linearized
cases. The reported errors in the fits for the LMA are
fundamentally approximate. Furthermore, the LMA only
provides the parameters of a local rather than a global minima.
For a significantly large sample of fitted SEDs, we argue that
we will still be dominated by random, rather than systematic
errors.
For the large data volumes expected with the next
generation of telescopes, automated and robust classification
8 Farnes et al.
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Figure 2. Histograms showing the number of sources that have a given
number of cross-matched measurements or data points in the SED. The
histograms are shown for both polarized (top) and total intensity (bottom)
SEDs. Note that the y-axes are shown as a log-scale. Sources with just one
datum (i.e. no cross-matches), are not shown.
algorithms will be essential. Such automated classification
is complicated not just by an assessment of the quality of
fit, but also by different physical models having varying
numbers of degrees of freedom. In order to perform model
selection in an automated fashion, we therefore require
a methodology to distinguish between better fits, while
simultaneously penalizing increasing model complexity. To
do this, we assessed the Bayesian Information Criterion or
BIC (Schwarz 1978).5 The BIC evaluates
BIC≈ −2lnL+ k lnn , (4)
where lnL is the log-likelihood of the data given the model,
and k lnn is a parsimony term with k giving the number of
free parameters in the model, and n giving the sample size.6
For each physical scenario, we select as the ‘true model’ that
which has the lowest value of the BIC.7
The model we select serves as a parameterization of the
SED. Despite the challenges presented for SEDs with a small
number of measurements, we can determine the model of
greatest likelihood given the data. It is possible that the ‘true’
SED has deviations from the model that our algorithm selects,
and broadband polarization observations will be necessary
to understand such rapid fluctuations as a function of λ.
Deviations from our assumed models are beyond the scope
of this paper, but can in principle be investigated using the
statistical tests we used to assess the quality of an SED model
fit.
4.2. Statistical Tests
Beyond a method for model selection, we also require a
measurement of the quality of the model selection process.
In the catalog we provide both the reduced-χ2 and the
Kolmogorov–Smirnov statistic for assessment of the quality
of the model that is selected by our classification algorithm.
We also provide the associated p-value for each test. These
statistical tests are important for revealing cases where no
model describes the data well.
Note that reduced-χ2 is not appropriate for many SEDs,
as χ2 statistics are derived in the limit of a sample size that
tends towards infinity. However, as least squares methods
are derived from likelihood theory – and assume normally
distributed residuals (e.g. Sprent 1969) – the Kolmogorov–
Smirnov statistic (KS-test) can be used as an alternative
method to assess the normality of the residuals between our
data and selected model.
In our particular case, we require comparison of the
residuals to a normal distribution of unknown mean and
variance – the KS-test can be modified to deal with such
a case (as described by Lilliefors 1967). Furthermore, the
KS-test assumes that the data and model are independent,
while in this case the data have been used to derive the
model. This does not affect the value of the KS-statistic, but
causes all associated p-values to be in error. We therefore
perform ‘bootstrap resampling’. We evaluate the KS-test
(Lilliefors 1967) for an SED, and then find the correct p-value
by combining our data and model datasets, and randomly
5 The BIC is minimized by the model with the highest posterior
probability, and can be considered as a rough approximation to the logarithm
of the Bayes factor (as detailed by Kass & Raftery 1995; Spiegelhalter et
al. 2002). In the case of model selection for models with equal numbers of
parameters, the BIC simply reduces to maximum likelihood selection. The
BIC is also asymptotically consistent as a selection criterion, i.e. given a
sufficient family of models that includes the ‘correct’ model, as the sample
size increases, the probability that the BIC selects the correct model tends to
one. Such models are not required to be nested.
6 We make the simplifying assumption that model errors are independent
and distributed according to a normal distribution. Under the assumption of
normality, an additional trivial constant term appears in the BIC, which is
purely a function of the data. Consequently, it is not possible to compare
the fit between different sources – it is only possible to assess the quality of
different model fits at describing a single SED.
7 It is not possible to define a confidence interval or to evaluate
the evidence against an alternative model, as such techniques are overly
subjective (see Raftery 1995, for further detail).
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Figure 3. Examples of the cross-matched SED data for nine sources from the catalog. The NVSS source name is shown in the upper right. Note that the x-axis is
plotted as a log-scale. Two fitted polarized models are shown: (i) the model selected by the automated classification algorithm which is shown as a black dashed
line, and (ii) the fitted polarization spectral index, β, which is shown as a red dotted line. The polarized spectral index is only calculated when certain conditions
are met, as described in the main text. A selection of SEDs are shown for each specified model, including Gaussians (top row), depolarizing power laws (second
row), Gaussians with a constant term (third row), and repolarizing power laws (bottom row). After a number of statistical tests, these sources are identified by
the data quality flag as ‘accept’ (left column), ‘caution’ (middle column), and ‘poor’ (right column).
sampling from them (with replacement) to form two new
samples of size N (where N is the number of SED datapoints).
We then compute the KS-test statistic for these new self-
generated samples. This process was repeated 10,000 times.
The calculated p-value is the proportion of test statistics that
are as extreme, or more so, than our original KS-test statistic.
We find that the values correspond well with a p-value derived
simply using tables and formulae (Dallal & Wilkinson 1986).
We do not indicate p-values < 0.01 or > 0.2; such values in
the catalog indicate a lower or upper limit respectively. Unlike
for χ2, a high sample size is not fundamental to the derivation
of the KS-test. Nevertheless, the KS-test still has sensitivity
to sample size, and in SEDs with few data the residuals will
have to deviate substantially from normality in order for a low
p-value to be output.
The p-values indicate the probability of getting a result as
extreme as the one obtained, if the null hypothesis is true
(that the residuals are normally distributed or that the data
are described by the assumed model, for the KS and χ2
tests respectively). Note that the p-value only specifies the
probability with which one would reject the null-hypothesis,
if it were correct – it unfortunately provides no information on
the probability that the null hypothesis is correct, i.e. we have
calculated P(≥ D|H0) and not P(H0|D). For this frequentist
approach, in cases where the p-value is lower than some
threshold (for example, p < 0.02), we take this to indicate
a low probability of the two samples being as different as they
are (or more so), if drawn from the same distribution (e.g.
Fisher 1922).
Since each test has its limitations and so as to avoid
overreliance on a single measure, we combine the output of
all tests to produce a data quality flag. The flag value is
evaluated based on a subjective combination of the χ2 of the
SED model, the p-value of the χ2, and the p-value of the
KS-test. The flag has a value of 1, 2, or 3 and is provided
as an indicative measure only; these correspond to ‘accept’,
‘caution’, and ‘poor’, respectively.
4.3. Fitting the Polarized SED
The extensive number of depolarization models, as
discussed at length in Appendix A, can be primarily
summarised by the ‘Burn’ (Burn 1966), ‘Tribble’ (Tribble
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Figure 4. Examples of fitted total intensity models from the catalog with the original SED data also shown. The NVSS source name is shown in the upper
right. Both the y- and x-axes are plotted as a log-scale. The sources displayed are identical to those shown in Fig. 3. The model SED selected by the automated
classification algorithm is shown as a dashed line – in all of the displayed cases the total intensity spectrum is classified as a regular power law.
1991), ‘Rossetti–Mantovani’ (Rossetti et al. 2008; Mantovani
et al. 2009), ‘Repolarizer’ (Homan et al. 2002; Mantovani
et al. 2009; Hovatta et al. 2012), and ‘Spectral Depolarizer’
(Conway et al. 1974) forms. However, fitting these physical
models to our data would arguably be misguided, as many of
them assume an optically-thin emitting region. Furthermore,
all of these models make either the critical assumption that
we detect the same emitting region at each frequency, or
that the polarized fraction is a meaningful quantity with the
measured peak in polarized intensity on the sky emanating
from the same emission region as the total intensity peak.
As there is no way to verify this, and due to the large
frequency range used, it is possible that any attempt at source
classification will be corrupted. For example, a source that
truly depolarizes following Burn (1966) may appear as a
peaked spectral depolarizer as different emission regions are
probed at different frequencies, and at high frequencies the
SED may be altered as the result of the combined effects
of Faraday depolarization together with beam depolarization
due to multiple components, and disordered magnetic fields
(e.g. Massardi et al. 2013). We therefore argue that there
is no reason to believe that any attempt to derive σRM (the
RM dispersion of the Faraday screen within a single beam –
see Appendix A) would be, or ever is, a reasonable physical
probe without high resolution observations. In addition,
our main goal is to use the SED to derive the rest-frame
source properties, allowing us some flexibility in our fitting
procedures. Note that we are merely seeking a smoothly
interpolating fit that is functionally similar to a physical
model.
For the purposes of fitting models to the data, we therefore
ignore the underlying physics involved, and choose three
models that serve as mathematical edifices in order to fit to
the data. For the quality and sampling of data typically found
in our catalog, we find that these three simple, generalized
functional forms can produce SEDs that broadly mimic
the wavelength-dependence of polarization of the various
physical models described in Appendix A. For our fits, we
consider three possibilities: a Gaussian, a power law, and
a Gaussian with a constant term, as shown in equations 5,
6, and 7 respectively. Given the limited number of data in
each SED, these models serve as empirical analogues to the
physical models in which we are ultimately interested, and are
given by
Π = c1 exp
[
−(λ− c2)2
2c23
]
, (5)
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Π = 10c1λc2 , (6)
and
Π = c1 exp
[
−(λ− c2)2
2c23
]
+ c4 , (7)
where λ is in units of centimetres, and the ci are coefficients
for which we solve during the fitting process. The
units of ci are given in Table B5. With appropriately
chosen coefficients, the Gaussian model of equation 5
shows almost indistinguishable wavelength-dependence of
fractional polarization to a ‘Burn’ law (see equation A2;
Burn 1966) or to a ’Spectral Depolarizer’ (see Appendix A.4;
Conway et al. 1974). The power law model of equation 6
provides a fit for a ‘Tribble’ law (see equation A4; Tribble
1991), and is flexible enough to fit a ‘repolarizer’ (see
Appendix A.4; Homan et al. 2002; Mantovani et al. 2009;
Hovatta et al. 2012). Similarly to equation 5, with
appropriately chosen coefficients the model for a Gaussian
with a constant term of equation 7 behaves similarly to the
‘Rossetti–Mantovani’ law (see equation A5; Rossetti et al.
2008; Mantovani et al. 2009). These models are all discussed
in detail in Appendix A. We emphasize that for two of
the functional forms for which we fit to the data, namely
equations 5 and 7, the fit parameters c1, c2, c3, and c4 should
not be trivially equated with the physical coefficients included
in the equations in the Appendices. This is due to the fact
that we use a dependence on λ2, rather than on λ4 as per
the physical models of Appendix A. As both functions look
similar, distinguishing between such models would require
data of exceptional quality. We also again emphasize that
our goal is to obtain the rest-frame source properties using
a smoothly interpolating predictive SED that covers a broad
range of wavelengths, and that can be used for the purpose of
a k-correction. In addition, we also highlight that that there is
no reason to believe that any attempt to derive σRM would be,
or ever is, a reasonable physical probe without high resolution
observations. Should a user of the catalog wish to obtain a
quantity other than a source classification or k-correction from
the SED, they are able to refit the SED using the raw data
available in the catalog.
In all cases, fitting was only performed on sources for
which data were available at three or more wavelengths
and when the minimum wavelength separation between the
three measurements was greater than 5 cm. Due to the
differing number of degrees of freedom for the various
models, attempts to solve equations 5 and 6 were made only
when there were three or more data, and attempts to solve
equation 7 were made only when there were five or more
data. Various constraints were placed on the fitting process
to ensure that only values of ci corresponding to physical
solutions could be obtained. This is particularly important
when fitting equation 5, which has three degrees of freedom
and can be fit to three data. Nevertheless, this is necessary
in order to attempt to classify peaked sources, i.e. spectral
depolarizers.
The addition of term c2 to equations 5 and 7 allows an
opportunity to identify spectral depolarizers, or other ‘peaked’
sources. In cases where this offset was found to be low (c2 ≤
7.5 cm), the data were refit without the inclusion of an offset.
Repolarizing sources can be identified via the flexibility of
equation 6, which provides a polarization spectral index, β =
c2 > 0 in such cases, where β is defined such that Π ∝ λβ .
However, such sources should be treated with caution and
may represent an undersampled peaked source – particularly
if the SED lacks multiple measurements at lower frequencies.
Example fitted model SEDs from the catalog are shown in
Fig. 3. The SEDs in the catalog show a number of different
forms, most of which are well described by our chosen
models, but with a few unusual and possibly oscillatory cases
also present.
The model selected by the BIC is indicated in the catalog
for each SED, alongside the coefficients for this model, and
the corresponding statistical tests. However, the best fit to the
SED with a polarization spectral index, β, is always returned
in the catalog unless the source was found to be peaked – in
which case, only measurements in the tail region (i.e. those
with a wavelength larger than the peak value) were used to
calculate β. A best fit power law is calculated whenever there
are ≥ 2 polarization measurements. For some sources, the
power law does not provide an accurate representation of the
full SED; the model fits provide more detailed information.
4.4. Fitting the Total Intensity SED
We choose two mathematical models to fit to our total
intensity data. These are the power law, and the curved power
law respectively, as given by
I = d1νd2 , (8)
and
I = d1
(
ν
νref
)[d2+d3 ln( ννref )]
, (9)
where νref is a reference frequency that we define as 1.4 GHz,
I is the total intensity flux density in units of millijansky,
ν is the observing frequency in hertz, and the di are some
coefficients for which we solve. The units of di are given in
Table B5. In all cases, we only attempt to estimate curvature
in spectra with three or more data at different wavelengths and
when the minimum distance between the three measurements
is greater than 5 cm of wavelength. For sources with just two
data points, we calculate a two-point spectral index based on
equation 8 and make no attempt to estimate the presence of
curvature. Example total intensity SEDs from the catalog are
shown in Fig. 4. A histogram of the number of sources with a
given spectral index is shown in Fig. 5. The histogram shows
a peaked distribution with a maximum at α ≈ −0.8. There is
an extended tail in the α-distribution towards flatter-spectral
indices, caused by the flat-spectrum population. Nevertheless,
our sample is clearly dominated by steep-spectrum objects.
Calculating the spectral index also allows us to estimate the
non-thermal rest-frame luminosity of the source at 1.4 GHz.
We do this using Lν = 4pidL(z)2S(1 + z)−(α+1) (Condon 1992;
Garn et al. 2009), where dL(z) is the luminosity distance. The
calculation assumes that the dominant emission mechanism is
the synchrotron process, and that this process follows a power
law such that Sν ∝ ν+α. We also assume a ΛCDM model and
a flat cosmology, using the Planck cosmological parameters
such that ΩΛ = 0.685 and H0 = 67.3 km s−1 Mpc−1 (Planck
Collaboration et al. 2013). The FR-I/FR-II luminosity divide
is typically taken to be L1.4 ≈ 1024.5 W Hz−1.
4.5. Fitting the Rotation Measure
Under some circumstances, it can be advantageous to
calculate the peak Faraday depth using the technique of RM
Synthesis (see Brentjens & de Bruyn 2005, for extensive
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Figure 5. A histogram of the number of sources in our sample with a given
total intensity spectral index, α. The sample is dominated by steep-spectrum
sources.
detail on the technique). This technique has three main
advantages in comparison to fitting a straight line to a plot of
the EVPA versus λ2: (i) no ‘npi’ ambiguities, (ii) recognition
of several Faraday depth components in Faraday-space within
the source (which can also cause the depolarization to be non-
monotonic), and (iii) recognition of internal Faraday rotation,
which can lead to deviations of the EVPA from a simple
λ2 law (see equation 1) and can cause broad structures in
Faraday-space (e.g. Frick et al. 2011; Beck et al. 2012).
However, as our catalog covers such a broad range in λ, and
as there are large gaps in our λ2-coverage, it is problematic
to use RM Synthesis to calculate the RM (e.g. Brentjens &
de Bruyn 2005; Farnsworth et al. 2011; O’Sullivan et al.
2012). Instead, we fit a straight line to a plot of the EVPA
versus λ2, where the EVPA is defined between 0◦ and +180◦
from North through East. Such a method assumes that the
RM is constant as a function of λ. While deviations from a
λ2-law (see equation 1) are beyond the scope of this paper,
such effects can in principle be explored using the raw data
available in the catalog. The fitting process is complicated
by the ‘npi ambiguity’, with each datum having undergone
wrapping by some integer multiple of 180◦. We therefore
need to maintain goodness of fit while carefully unwrapping
these ambiguities. Various approaches to this have been
attempted previously (e.g. Simard-Normandin et al. 1981a;
Roy et al. 2005; Noutsos et al. 2008; Rossetti et al. 2008).
We undertake a ‘brute force’ approach, and fit to the
data for every possible combination of positive and negative
wrapping per datum, with any number of wraps between
zero and five being allowed. This is computationally
expensive, particularly for sources with large numbers of
measurements. For example, a source with n data across
the squared-wavelength coverage has 6n wrap combinations,
each of which (with the exception of zero wrap, which has
no sign ambiguity) has a further 2n sign combinations –
providing a total number of 11n fitting attempts for a single
source. However, only a fraction of these possibilities are
physical; for a source that demonstrates a linear relationship
between EVPA and λ2 the sign of a wrap at higher frequency
can not change towards low frequencies. Furthermore, if
there is a wrap at high frequency then all lower frequency
measurements must also be unwrapped by at least an equal
integer amount. This property was exploited to reduce the
number of brute force attempts; for a source with seven data
this lowers the number of trial fits from 35,831,808 to just
10,836.
Such a technique is biased towards providing high RMs, as
with a sufficient number of wraps the goodness of fit can be
improved to arbitrary levels. To counteract this, we utilize a
modified version of the BIC discussed in Section 4, taking k
to be the square of the maximum number of wraps. Such a
method penalizes high numbers of wraps substantially, unless
they provide a substantial increase in fitting quality.
We only allow for a maximum of five possible wraps in our
data, allowing for a maximum |RM|≈370 rad m−2 (depending
on the frequency coverage). Such high RMs are expected
to be rare on the sky, and exist mostly near the Galactic
plane (e.g. Taylor et al. 2009). Furthermore, we use the
NVSS RMs as our reference catalog – which suffers from
significant bandwidth depolarization for sources with |RM|&
340 rad m−2 (Taylor et al. 2009). In all cases, we only fit RMs
to sources with three or more data at different wavelengths
and when the minimum wavelength separation between the
three measurements is greater than 5 cm. For each fit, we
also attempt to calculate the intrinsic EVPA, i.e. the EVPA
at infinite frequency. Due to the significant number of wraps
required at low observing frequencies, all measurements at
wavelengths greater than 35 cm were excluded from the
fitting.
All sources have EVPA measurements at 1.4 GHz from
the NVSS catalog (see Section 3), with the majority of
other measurements being at higher frequencies. Due to the
distribution of these measurements in frequency-space, our
broadband RM fits are biased towards providing the Faraday
structure at high frequency. It is difficult to define the exact
frequency at which RMs are measured, and we take them to be
a high-frequency RM at ≈ 5 GHz. These broadband RMs are
compared against the NVSS RMs in Fig. 6. The distributions
of both the broadband and NVSS RMs are also shown for
sources that have both values. While there are clearly outliers,
many sources are also in reasonable agreement and cluster
about the line of unity. The outliers appear associated with
low NVSS RMs, which have a high corresponding broadband
RM. Similar effects have been seen in other similar samples
(Taylor et al. 2009; Bernet et al. 2012). The differences
could occur due to errors in the unwrapping of our data,
uncertainty in the calculation of the RM in the NVSS data,
time-variability of the RM towards a radio source, or ‘Faraday
complexity’ (i.e. a non-linear relationship between the EVPA
and λ2).
5. THE CATALOG
Data for all sources and the associated fitted and calculated
properties are provided as machine-readable tables. These
tables are published in their entirety in the electronic edition
of The Astrophysical Journal Supplement Series. A portion
is shown here for guidance regarding its form and content.
There are two versions of the catalog available, the ‘Full-
catalog’ and the ‘SED-catalog’ respectively. The Full-catalog
contains 37,543 rows, providing an expanded version of the
Taylor et al. (2009) data and contains all of the derived total
intensity and polarized fraction spectral indices and other
incorporated cross-matched and derived quantities. Note
that the catalog contains no upper limits on polarized or
total intensity measurements. The SED-catalog contains only
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Figure 6. Left: The fitted rotation measures as compared to the NVSS rotation measures of Taylor et al. (2009) for sources above a Galactic latitude of |b|> 20◦.
Note that sources with an |RM|≥350 rad m−2 are outside of the plotted range. The dashed line shows a ratio of unity. Right: A histogram showing the distribution
of fitted rotation measures (red line) as compared to the NVSS rotation measures of Taylor et al. (2009) (black line) for all fitted sources above a Galactic latitude
of |b| > 20◦.
the 951 sources for which a model has been fitted to the
polarized SED. The column headings are identical in both
catalog versions, and the SED-catalog is just a subset of rows
from our primary data product, the Full-catalog. The column
headings of both catalogs are described in Appendix B,
including calculated quantities and ancilliary data provided
during the cross-matching process. We emphasize the various
statistical tests that are provided within the catalog, which are
included so that a user may assess the quality of a particular
model fit. Selected columns for the first 45 sources in the
SED-catalog are presented in Tables 3 to 7. All errors are
the 1σ uncertainties and have been calculated using standard
error propagation.
6. CATALOG SYSTEMATICS AND LIMITATIONS
We here seek to present a collection of systematic
effects that may guide the interpretation of data within the
catalog. In order to ensure that the catalog is providing an
accurate measure of astrophysical effects, we discuss these
systematics, limitations, and other possible issues that could
affect the quality of the catalog and of which a user of the
catalog needs to be aware. Note that each source in the
catalog is considered unresolved at all wavelengths, and is
still unresolved at the 45 arcsec resolution of the NVSS. The
angular size of each source in the NVSS is included in the
catalog.
6.1. Beam Depolarization
Many of the sources included via the cross-matching
process are likely affected by beam depolarization. This
occurs as all observations have an intrinsic angular resolution
that is determined by the size of the resolving beam. Consider
an extended source that is not uniformly polarized: if the radio
telescope has a resolution that is coarser (i.e. an observing
beam size that is larger) than the angular scale over which
the source polarization is coherent, then a given synthesized
beam contains regions with different EVPAs. The synthesized
beam therefore averages out the polarization of the source,
and the measured polarization will be less than the true source
polarization (see Appendix A.3). This ‘beam depolarization’
cannot be corrected for, even using a polarized SED with
data at multiple wavelengths, which cannot separate the
astrophysical and beam-induced contributions. The only way
to obtain the true source polarization would be to observe with
a telescope that has better angular resolution relative to the
original observations.
6.2. Multiple Source Components
Complications can arise due to the spectral index and the
multiple components of a radio source. An unresolved source
may contain many sub-structures, so that within the resolving
beam is a flat-spectrum compact nucleus and two steep-
spectrum lobes/jets. These components become fainter or
brighter with observing frequency, such that it is not trivial
to confirm that we are observing the same dominant source
component at all frequencies. Again, observations with
increased angular resolution would be useful in separating
out these various source contributions. Furthermore, for
future studies, RM Synthesis can in principle distinguish
different emitting regions via their separation in the Faraday
spectrum, even if the components are not angularly resolved
(e.g. Beck et al. 2012). The polarized fraction can also help
in separating these components, as Π is typically higher at
frequencies where steep-spectrum jets/lobes dominate (Mesa
et al. 2002). Similarly, measurements of total intensity
spectra may also help in resolving this issue. Not only
is there an expected difference in the spectral index from
different emitting regions, but sources that contain multiple
components within an individual resolution element may
also show spectral curvature – although a number of other
mechanisms can also cause such curvature (e.g. Sazonov
1970).
6.3. Time-Variability
The data in the catalog are obtained over many different
epochs, with the time between observations spanning up to
≈ 50 years8. Both flux- and angle- variability in the sample
8 Tabara & Inoue (1980) compiled all of the published polarization
measurements in the literature prior to December 1978.
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may be significant. Nevertheless, it is feasible that time-
variable sources will experience similar amounts of positive
and negative perturbations in total intensity and/or polarized
fraction, i.e. increases and decreases will occur in equal
measure. In addition, it is also feasible that the time-
variations themselves will be simultaneously similar for both
the total and polarized intensity components – leading to an
unchanged polarized fraction, i.e. an increase in total intensity
is directly proportional to the increase in polarized intensity.
Together with the large number of compiled measurements,
this will serve such that any time-variability will just appear
as increased variance in the estimates of depolarization and
spectral index. Furthermore, the catalog has also been
cross-matched with optical identifications for each source
(Hammond et al. 2012). It should be possible to distinguish
between source types with differing variability, and a user
of the catalog is able to study sources by classification
e.g. galaxies and blazars. For the purposes of statistical
studies, any derived results are again only affected in terms of
increased sample variance. To assist the user in distinguishing
potentially time-variable sources, we provide a data quality
flag that is calculated based on statistical tests during fitting
of the SED (see Section 4).
6.4. Rician bias
Consider a source that has no intrinsic polarization, so that
P = Q = U = 0. As the measurements will be derived from
images of Q and U that contain Gaussian noise, it is clear that
a measurement of P from an image will always yield P > 0.
This over-estimation of polarized intensity due to P being
positive-definite is known as ‘Rician bias’ (e.g. Simmons &
Stewart 1985). For higher s/n ratios, the amount of this
bias becomes increasingly small. Nevertheless, at lower s/n
ratios an estimator of the bias is essential to retrieve the true
polarized intensity.
The effects of Rician bias, and the bias estimator have
often changed in their use over the period in which the
measurements have been collected. In many cases, the exact
method used has not been stated in the literature. As all of
our sources are detected at ≥ 8σ at 1.4 GHz (Taylor et al.
2009), and these sources tend to increase in polarized fraction
at higher frequency, we make the assumption that each source
is of sufficient s/n that the Rician statistics are approximately
Gaussian – under such circumstances the bias in measuring a
positive-definite quantity can be considered to be negligible.
Additional systematics in our catalog may also result from the
different ways in which source properties have been measured
and parameterized, i.e. the source-finding technique used. We
assume that such effects behave as random errors on each
datum, and have negligible effects on an SED.
6.5. Single Dish Measurements
Modern single-dish measurements are typically done in
‘on-off’ or ‘dual-beam’ mode, so that any smooth Galactic
background can in principle be subtracted. Nevertheless,
the processing and observational details have not been
stated in the literature for the single dish measurements
that are included in the catalog – some of which were
taken ≈ 50 years ago. These measurements may not have
removed a contribution from surrounding diffuse background
components. Such a systematic would increasingly affect our
measurements in proximity to the Galactic plane. Any subtle
correlations in the data at low Galactic latitudes should be
treated with caution.
6.6. Errors in Polarized Fractions
Many individual catalogs also ignore the total intensity
contribution to the error in polarized fraction. Following
standard error propagation, the fractional uncertainties in the
polarized and total intensity measurements should be summed
in quadrature as given by(σΠ
Π
)2
=
(σP
P
)2
+
(σI
I
)2
, (10)
where Π is the polarized fraction, P is the polarized intensity
(equal to
√
Q2 +U2, assuming that Rician bias is negligible),
I is the total intensity, and σi is the one sigma uncertainty
in these quantities. For sources that are weak in total
intensity, or equivalently have a large fractional error in σI/I,
neglecting this total intensity contribution can significantly
underestimate the error in the polarized fraction. For our
catalog, this additional contribution has been recalculated
when enough information has been available to do so.
In practice, antenna feeds never have a perfect response to
polarization. These imperfections can be modeled as leakage
from Stokes I into polarization, and is known as ‘instrumental
polarization’ or ‘polarization leakage’. Error contributions
from this instrumental polarization are by convention also
typically ignored when calculating the errors in the polarized
fraction. However, if leakages are calculated accurately to
within 0.3% then we would expect an additional error in
each measurement. Such an error can be trivially handled
as an additive component to the uncertainty in each datum.
The SEDs that we fit to the data in Section 4 are potentially
affected by the stated precision of each datum, which we use
for weighting our data.
6.7. Effect of Outliers
The effects of outliers in our data are also of interest. There
are two types of outliers: (i) those that are inaccurate, and (ii)
those that are both inaccurate and imprecise. Case (i) relates
to occasional false cross-matches, or poor measurements in
the original surveys that occur due to calibration or source
fitting issues. These cause systematic errors in our derived
source parameters. Our low FDR, combined with the large
number of measurements that are believed to be accurate,
ensures that we still get reasonable values. This was tested
on a simulated distribution of EVPA measurements as a
function of λ2, and we find that a single outlier affects the
calculated RM by less than 10 rad m−2 for sources with
five measurements. Case (ii) is more simply dealt with,
as it occurs due to large measurement errors that in all
cases are appropriately weighted during our fitting procedure.
The effects of outliers therefore tend to be reduced by the
fitting and weighting procedure, but still have the property
of increasing the variance in any estimated parameters. The
catalog therefore works well for statistical measurements
of polarized source properties – our FDR suggests that
the number of inaccurate matches represents < 5% of the
total sample. Nevertheless, we recommend that appropriate
caution is used if attempting to derive physical properties
from the polarization SED of a single source.
7. RESULTS
We have produced a new, broadband radio polarization
catalog. Our catalog uses the NVSS RM catalog (Taylor et
al. 2009) as a reference, with our ‘Full-catalog’ incorporating
37,543 radio sources, of which 25,649 have measurements of
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both the Rotation Measure (RM) and total intensity spectral
index. The catalog is expected to consist of mostly classical
radio galaxies and quasars. Normal galaxies are only expected
to constitute a significant fraction of the 1.4 GHz polarized
source counts at ≈1 mJy in total intensity, and at 1 to 10 µJy
in polarized intensity (e.g. O’Sullivan et al. 2008; Rudnick
& Owen 2014) – approximately two orders of magnitude
below the NVSS sensitivity limit. In this catalog, we
have provided power-law depolarization measurements for
1,171 radio sources with ≥ 2 polarization measurements at
independent frequencies, and a full, modeled SED in both
polarized and total intensity for 951 radio sources with ≥ 3
multiwavelength polarization data. These 951 sources with
modeled SEDs are available as a secondary ‘SED-catalog’,
constituting a subset of our primary data product. The catalog
includes spectroscopic redshifts for 620 of these polarized
SEDs. Based on the model selection criteria and various
statistical tests described in the main text, we consider 533
of these SEDs to be excellent – an improvement of an order
of magnitude over any other published sample of polarized
SEDs. The breakdown of SEDs in our catalog by different
depolarization models suggests that 42.2% of sources are best
described by a Tribble-law, 20.6% by repolarization, 19.4%
by spectral depolarization, 9.0% by a Rossetti–Mantovani
law, and 8.8% by a Burn-law. See Section 4 and Table B4
for further detail on how these models are derived. Note that
these add up to 100%, as we have not included a ‘no best fit’
category. Even if the data quality flag is taken into account,
and ‘poor’ fitting models are excluded from our analysis, the
percentages are changed such that 42.5% of sources are best
described by a Tribble-law, 16.0% by repolarization, 21.9%
by spectral depolarization, 11.0% by a Rossetti–Mantovani
law, and 8.6% by a Burn-law. Note that the fraction of
repolarizers is substantially affected – this is unsurprising
given that we use a power law to fit the repolarizers, and that
this is based on the flexibility of the power law, rather than an
exact physical model of what could be expected from different
emission regions. Note that such depolarization models are
only applicable if the same emitting region is probed at all
frequencies – as we shall discuss in this section, a key physical
inference from our catalog is that this is likely not the case.
A density plot showing the number of sources with given
total intensity and polarized spectral indices is shown in
Fig. 7. There is a clear divide in the depolarization of
radio sources that occurs at α ≈ −0.5, with steep-spectrum
sources showing larger depolarization (β < 0), and flat-
spectrum sources tending to retain an essentially constant
polarized fraction as a function of λ (β ≈ 0). We split the
sample into two subsets of β values, consisting of either flat-
spectrum (α ≥ −0.4) or steep-spectrum (α ≤ −0.6) sources.
Sources with −0.6 < α < −0.4 are not included in order to
minimize cross-contamination between our samples, although
our conclusions are not affected by changing this α-threshold.
The two-sample Kolmogorov–Smirnov test on β provides a p-
value of 1.6×10−30, which indicates a very low probability of
the two samples being this different, or more so, if drawn from
the same distribution. This is consistent with a population
of both core- and jet-dominated sources, in which steep-
spectrum sources measure the optically thin lobes and jets
ejected by an AGN, while flat-spectrum sources measure the
optically thick region surrounding the central black hole of
a radio galaxy. As the total intensity spectral index is an
intrinsic source property, this implies that depolarization must
mainly occur within the local source environment, rather
than being due to intervening Faraday screens. We argue
that such an effect is unlikely to be due to confounding
variables, with independent samples selected at 20 GHz
(i.e. core-dominated sources) also finding no statistically
significant evidence of a relationship between the fraction
of polarization and frequency (Massardi et al. 2013). One
may argue that this could be caused by beam depolarization,
with the flat-spectrum central engine being more compact,
and tending to have smaller RM dispersion than the steep-
spectrum sources. In such a case, the compact sources would
show some depolarization; instead, the distribution of β for
flat-spectrum sources is approximately symmetric about a
mean value of zero (see the red histogram in Fig. 7). In fact,
the distribution appears very slightly skewed with a few more
sources showing β > 0 rather than β < 0. For pure beam
depolarization, β must always be < 0. Consequently, while
there are possible alternative interpretations of our results,
any such hypotheses are restricted in that they must be able
to explain this approximately symmetric distribution of the
flat-spectrum sources around β ≈ 0. As the most consistent
explanation for the repolarizing (β > 0) sources is that this is
a consequence of different emitting regions being probed at
different frequencies, the symmetrical distribution appears to
indicate that different emitting regions are also giving rise to
the depolarizing (β < 0) sources.
Previous studies have suggested that intervening galaxies
with a clumpy interstellar medium are important for
explaining depolarization of background sources (e.g. Bernet
et al. 2008, 2012). As the likelihood of intersecting
an intervenor increases for sources at high z, one could
hypothesise from Fig. 7 that steep-spectrum sources are more
distant. However, such a scenario cannot explain why the
flat-spectrum sources have an approximately symmetrical
distribution that is centred about β ≈ 0. Similarly, it also
does not explain the presence of repolarizing sources. As a
further point in favour of our interpretation, due to relativistic
beaming, one expects the flat-spectrum (core-dominated)
sources to be the more distant for a flux-limited selected
sample such as the NVSS. Furthermore, there is evidence
from the catalog that allows one to completely rule out the
currently proposed models of ‘partial coverage’ (Farnes et al.
in preparation).
Our data also show that repolarization can occur in some
sources, although importantly this is predominantly asso-
ciated with flat-spectrum (i.e. presumably core-dominated)
sources. Our classification algorithm finds that 203
sources (21%) of our sample show repolarization. Fig. 7
shows that the lobe-dominated sources are mostly located
with β ≤ 0, however ≈ 50% of the population of core-
dominated sources have β > 0. Together with the flat-
spectrum sources tending to retain a relatively constant
polarized fraction as a function of λ, we interpret this
as a consequence of the core’s optical thickness, with
synchrotron self-absorption leading to the observation of
different emitting regions within the source. This results
in the observation that a source is repolarizing (and even
depolarizing), when we are instead likely detecting regions
of increasingly ordered magnetic field that are at greater
distances from the central engine. Optically thick emission,
although rarely considered, can result in more complicated
behavior in a polarized SED – including oscillations and
even constant polarized fractions at increasing wavelengths
(e.g. Pacholczyk & Swihart 1967). An example of a
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possible oscillating source, for which our algorithm fits a
flat value of β, is shown in the SED for NVSS J003820–
020740 in Fig. 3. Our data therefore support the hypothesis
that flat-spectrum radio polarization measurements probe
polarization structure in the optically thick quasar core,
with the sources tending to provide a constant polarized
fraction over a large range in wavelength merely due to
the sparse sampling in λ-space which undersamples the
oscillatory behaviour. As repolarization is also present for
some lobe-dominated sources, it appears to indicate that
a combination of spectral index and depolarization effects
can always cause one to probe different polarized emitting
regions at different frequencies. Nevertheless, there are
only a relatively small number of repolarizing steep-spectrum
objects, unlike the symmetric flat-spectrum distribution about
β = 0. The steep-spectrum sample cannot therefore be
similar to the flat-spectrum sample but with some additional
depolarizing component. We argue that the most consistent
physical description is of a divide based on the local source
environment, with the large number of repolarizers showing
that we do not sample similar emitting regions at different
frequencies.
As a substantial number of sources in our sample
are repolarizing, this indicates that the run of polarized
fraction with observing wavelength is substantially affected
by different emitting regions within a source. From an
observational perspective this is problematic, as attempts
to derive any particular depolarization law from a run of
polarized fraction with λ must attempt to separate different
emitting regions. This is normally not considered, as the
depolarization is typically considered to be most strongly
affected by screens of material along the line of sight (e.g.
Burn 1966; Tribble 1991; Bernet et al. 2008; Rossetti et
al. 2008; Mantovani et al. 2009; Hammond et al. 2012).
Nevertheless, the results from our new and larger sample
suggest that Faraday depolarization in extragalactic sources
is largely an ‘internal’ effect that occurs within the local
source environment. 9 This has implications for the
physical interpretation of polarized SEDs, and complicates
the interpretation of broadband polarization observations for
the purposes of measuring SEDs and RMs. In such a scenario,
a balance must be obtained between broadband measurements
(which provide a larger lever in λ2-space), and narrow-
band observations (which are more likely to probe the same
source component across a frequency range of interest). This
has implications for future broadband polarimetric surveys.
High-resolution follow-up observations will be required to
further understand the effects of different emitting regions on
polarized SEDs.
For the steep-spectrum objects in our catalog, there is
weak evidence of a bimodal distribution in β (see Fig. 7),
with two distinct peaks. If true, this would suggest two
populations of depolarizer, possibly consistent with previous
studies (e.g. Garrington et al. 1988; Laing 1988; Garrington
et al. 1991; Liu & Pooley 1991). Stronger conclusions on
the Garrington–Laing and Liu–Pooley effects will require
extensive further study of these data. This will require a
cleaner sample that is separated by source type (e.g. by
using the optical identifications that are included in the
catalog – see Appendix B), and through high-resolution
9 Note the potentially confusing nomenclature – ‘internal’ does not
necessarily refer to ‘internal Faraday depolarization’, but rather to being
within the vicinity of the source.
follow-up observations to identify the morphology of both
the source and the polarized emitting region. Such studies,
albeit with smaller sample size, have recently identified
relations between RM, depolarization and the complexity of
the Faraday spectrum for polarized sources (Gießübel et al.
2013) – concluding that the depolarization originated within
the sources, for instance in their radio lobes, or in intervening
galaxies on the line of sight. As a point of further interest,
plots of the distribution of parameters in our catalog for the
various models selected by the BIC are shown in Fig. 8.
This shows that the majority of sources have a maximum
polarized fraction of ≈ 5%, with some sources having
polarized fractions up to 30%. While the majority of sources
show regular depolarization, those sources that are peaked
tend to have a maxima in polarized fraction at a wavelength
of 10 to 15 cm. Sources that maintain a constant polarized
fraction out to large wavelengths (a Rossetti–Mantovani law,
i.e. that include a coefficient c4), tend to remain polarized at
only the 1 to 3% level. The physical model that is selected
as corresponding to the coefficient values can be determined
using Table B4.
8. DISCUSSION AND CONCLUSIONS
We have presented a multiwavelength catalog of radio
polarization that increases the number of well-defined
polarized SEDs by over an order of magnitude. The resulting
polarized SEDs have a frequency range of 0.4 GHz to
100 GHz, and our best sources are constrained by up to
56 independent polarization measurements. We have used
a K-Dimensional tree for the cross-matching, reducing the
computational expense by a factor of (logn)/n, and have used
an automated classification algorithm based on the Bayesian
Information Criterion to distinguish between different models
for the Faraday depolarization. The catalog also contains
constraints on the total intensity spectral index and curvature,
the broadband RM, spectroscopic redshift, angular size, and
estimated non-thermal rest-frame luminosity at 1.4 GHz.
The catalog will allow a number of parameters to be
explored in the effort to understand cosmic magnetic fields.
In this paper, we have found that our sample is consistent
with two populations of core- and jet-dominated sources
based on the clustering in the plane of the polarized fraction
versus total intensity spectral indices. This is consistent
with the optically-thin jet/lobe-dominated sources undergoing
significantly more depolarization relative to the optically-
thick core-dominated sources. Such a connection implies that
radio source depolarization predominantly occurs within the
local source environment, rather than being due to intervening
Faraday screens. Importantly, the catalog will be of particular
use in k-correcting polarized SEDs into the source rest-frame.
These k-corrections can be performed by using the statistical
tests provided in the catalog to select good quality SEDs,
and to use the depolarization model selected by the BIC.
The k-corrected polarized fraction, i.e. in the source rest-
frame, for equivalent emission to that at 1.4 GHz and z = 0 is
then the corresponding polarized fraction at λ = 21.414/(1+
z) cm. The k-corrected Faraday depth can be obtained using
a multiplicative factor of (1+ z)2 to correct for the effects of
cosmological expansion, however this assumes that all of the
Faraday rotation is occurring at the source. Such a correction
will break down if there is any Galactic or intervening
contribution. The (1+ z)2 correction to the Faraday depth also
assumes a linear relationship between the EVPA and λ2 – if
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Figure 7. A density plot of sources in our catalog that have both a measured total intensity spectral index, α, and an estimated polarized fraction spectral index,
β (note that we have assumed the SED can be reasonably parameterized using this estimated polarization spectral index, see e.g. Fig. 3). Histograms of α and β,
are shown to the top and right respectively. The distribution of depolarization spectral indices are shown in the right panel for flat-spectrum (α≥ −0.4, red line),
steep-spectrum (α≤ −0.6, blue line), and all (black line) sources. The α histogram (top panel) differs from that shown in Fig. 5; in the latter all spectral indices
are displayed irrespective of whether the source has corresponding depolarization (β) information.
the relationship is non-linear and the Faraday depth measured
using a narrowband, then it will be necessary to k-correct
the polarization angle SED in a similar way to k-correcting
the polarized fraction, i.e. by sliding the SED and then
reestimating the Faraday depth. This catalog is an enabling
step for such k-corrected studies, as an increased sample of
polarized SEDs will not be available until the advent of the
SKA and other next generation facilities such as ASKAP –
which will yield the necessary broadband polarization data in
combination with a redshift. The results of the k-corrections
themselves constitute an extensive additional study, as such
studies of magnetic field evolution are hindered by the ability
to classify different source types (e.g. normal versus active
galaxies, by viewing angle, core- versus lobe- dominated),
by luminosity effects/Malmquist bias, and possibly by other
evolutionary effects such as changes in the bulk Lorentz
factor of radio jets. Furthermore, as k-correction of the RM
into the rest-frame by a factor of (1 + z)2 assumes that the
Faraday rotating medium is all local to the source – reliable
removal of Galactic contributions, together with measures
of the magnetoionic content along typical lines of sight, are
essential to probe the evolution of cosmic magnetism. Other
parameters such as the total intensity spectral indices will
assist in the process of source classification and correcting
for luminosity effects, although higher resolution data are
necessary to reveal how reliably this separates core- and lobe-
dominated sources. In addition to k-corrections, there are
also many subsidiary applications, including studies of where
Faraday rotation occurs along the line of sight, the spectral
index versus redshift (e.g. Klamer et al. 2006), measurements
of the Galactic magnetic field (e.g. Kronberg et al. 2008), and
investigations of intervening Mg II absorption systems and
their effects on SED type and depolarization (e.g. Bernet et
al. 2008, 2012).
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Figure 8. A plot of the distribution of parameters for the various models selected by the BIC. Histograms of the number of sources are shown for c1 (first
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correspond to equations 5, 6, and 7 respectively. Note that the number of parameters differs for each model.
Previous similar catalogs have not focused on polarization
measurements (e.g. Kimball & Ivezic´ 2008). This
therefore is the most comprehensive catalog of polarization
measurements available to date. Our catalog is reliable,
with more than 95% of polarization measurements being
correctly associated, and more than 93% of total intensity
measurements. The reliability is further improved by the
source fitting procedures. Nevertheless, while we have
selected our catalog as a 1.4 GHz flux-limited polarized
sample, selection effects are still likely considerable and are
hard to constrain. The sky coverage of the accumulated data
is patchy, and typically taken via shallow observations on
the brightest known sources. As the brightest sources have
typically been observed repeatedly, we obtain many more
measurements for the brightest sources, and consequently the
SEDs of the fainter sources are less well-constrained.
Despite these inevitable effects, the listed polarized SEDs
can reveal the physical form of depolarization, and allow for
physical models of the intervening magnetic field structure
to be ascertained. The predominant depolarizing mechanism
is important for modelling polarized source counts at low
radio frequencies, which will have a substantial impact on the
number of polarized sources detectable by facilities such as
LOFAR, MWA, and the SKA (Beck & Gaensler 2004; Stil et
al. 2007; Hales et al. 2011; Hales 2013).
Alongside the multiple possible analyses of the catalog
we have presented, additional future work will allow for
expansion of these data. Numerous other polarization
measurements are available in the literature. Furthermore,
our catalog currently uses the NVSS RM catalog of Taylor
et al. (2009) as the reference data; if a source is not listed
as polarized in the Taylor et al. (2009) catalog at 1.4 GHz,
then polarization measurements at other frequencies are not
accumulated into our catalog. Furthermore, polarization
measurements in the Southern sky (at declinations < −40◦)
are currently not included in our catalog. Future work could
therefore use a larger reference catalog. For example, the
Sydney University Molonglo Sky Survey (SUMSS) (Bock et
al. 1999) explores a similar parameter space to the NVSS in
the Southern sky (albeit without polarization information). A
combination of the full total intensity NVSS measurements
(Condon et al. 1998), together with the total intensity
measurements from SUMSS, would therefore greatly expand
our reference catalog. Using an NVSS+SUMSS reference
catalog for cross-matching with additional polarization
measurements accumulated from across the literature (e.g.
Reich et al. 2000; Jackson et al. 2010; Sajina et al. 2011;
Massardi et al. 2013), would lead to a much larger sample
of polarized SEDs – including those sources that undergo
the most extreme depolarization. More recent polarization
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surveys, such as the S-band Polarization All Sky Survey (S-
PASS) at 2.3 GHz, will provide ≈ 5,000 polarized sources
in the Southern sky (Carretti 2011; Carretti et al. 2013) –
corresponding to a significant increase in sample size. In
addition, possible upcoming polarization surveys will also
be able to make substantial contributions to such an effort
– detecting up to 2.2×105 sources in polarized intensity at
2 to 4 GHz (e.g. Mao et al. 2014). Such cross-matched
catalogs, particularly when combined with large samples of
redshifts, will continue to constitute useful resources for
probing magnetic fields and other astrophysical phenomena.
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APPENDIX
A. DEPOLARIZATION MODELS
The polarization properties of sources at radio wavelengths are dominated by various forms of astrophysical depolarization
that can be described by a number of models. For the purpose of model selection, we need to pick a number of models a-priori
that may describe the physics of each source. This depolarization can be a reduction in the polarized fraction that occurs either
internally10 to the radio source or in its foreground i.e. externally – somewhere along the line of sight between us and the source
environment. When the depolarization occurs externally, we consider this to be the result of a foreground depolarizing screen.
The effects of external screens must be removed if we are to understand the internal structure of radio sources, where thermal
plasma is mixed with the magnetoionic medium responsible for the radio emission. This separation of internal and foreground
effects is complicated as both have a similar wavelength dependence (e.g. Tribble 1991). Consequently, the relationship between
polarized fraction, Π, and wavelength, λ, can be an insensitive test of the RM structure, unless information in Stokes Q/U is
considered simultaneously (e.g. O’Sullivan et al. 2012). Nevertheless, statistical measures of SED properties can still be used to
ascertain the predominant form of depolarization. We now explain the various forms of depolarization in detail. Unless otherwise
stated, we focus on depolarization in optically thin emission (e.g. Burn 1966). Optically thick emission could result in more
complicated behavior in a polarized SED – including oscillations and even constant polarized fractions at increasing wavelengths
(e.g. Pacholczyk & Swihart 1967).
A.1. Disordered Magnetic Fields
In the case of optically thin synchrotron radiation, random fluctuations from a disordered magnetic field within a source can
lead to a reduced fractional polarization given by
Π =
(
3−3α
5−3α
)
H20
H20 +H2r
, (A1)
where H0 and Hr are the uniform and random field strengths respectively (e.g. Burn 1966), and the total intensity spectral index,
α, is defined such that Sν ∝ ν+α. Extensions to equation A1 have been proposed (Beck et al. 2003). As the sources in our catalog
are always unresolved, this effect is independent of wavelength – we consider it no further in this paper.
A.2. Internal Faraday depolarization
Internal Faraday depolarization (also called ‘depth-’ or ‘front–back-’ depolarization) takes places when the emitting and
Faraday rotating regions within a source are intermixed. This internal depolarization can be separated into two types: (i)
differential Faraday rotation, and (ii) internal Faraday dispersion. For (i), in the presence of a regular magnetic field, the plane of
polarization of emission from the far side of the region undergoes a different amount of Faraday rotation compared to emission
from the near side. The process is known as ‘differential Faraday rotation’ and the sum through the entire region (along the line of
sight) results in depolarization (e.g. Sokoloff et al. 1998; Arshakian & Beck 2011). While this process leads to depolarization, it
is characterized by ‘bobbing’ of the polarized fraction as a function of increasing wavelength. This bobbing is difficult to identify
in SEDs with sparse frequency sampling, and could likely only be measured using a wide and continuous observing bandwidth.
For (ii), in the presence of a turbulent magnetic field, the plane of polarization experiences random fluctuations as it propagates
10 By ‘internal’ depolarization we refer to a reduction in the polarized
fraction that occurs directly within the radio source or within the source’s immediate environment, such that the depolarization is related to the sourceitself in some manner.
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through the region. This process is known as ‘internal Faraday dispersion’ and this addition of random anisotropic magnetic fields
results in further depolarization (e.g. Sokoloff et al. 1998; O’Sullivan et al. 2012). However, observational evidence suggests that
internal Faraday effects are likely not the dominant cause of depolarization in extragalactic radio sources (Cioffi & Jones 1980;
Strom & Jaegers 1988; Garrington et al. 1988; Tribble 1991) – we therefore consider it no further in this paper.
A.3. External Faraday depolarization
External Faraday depolarization occurs if the Faraday rotation in front of the emitting region varies significantly across the
source over a solid angle smaller than the beam (e.g. Burn 1966; Sokoloff et al. 1998). Such a Faraday screen consists of a
magnetoionic region that is devoid of relativistic particles and that exists somewhere along the line of sight between the observer
and the source (e.g. Sokoloff et al. 1998). If this Faraday screen contains a constant regular field then the region causes Faraday
rotation of the polarized emission from background sources, but does not cause any depolarization. Nevertheless, any deviation
from a constant field within the synthesized beam will create a RM gradient and subsequently cause depolarization. Such
anisotropy of the B field is caused by either turbulent, or systematically varying regular fields. For turbulent magnetic fields
or external Faraday dispersion, depolarization occurs when there are many turbulent regions within the synthesized beam. For
regular magnetic fields or beam depolarization, depolarization will occur if there are any variations in the strength or orientation
of the field within the synthesized beam (e.g. O’Sullivan et al. 2012). The two situations are analogous and for the case of
turbulent fields with the values of RM having a large spread over the beam, and for the case of a systematically varying regular
field with a gradient in the external RM across the beam, the polarization is rotated through different angles in each direction at
longer λ, resulting in a reduction in Π (see e.g. Sokoloff et al. 1998, for further detail).
The effect of external Faraday depolarization was initially described by Burn (1966) with an equation of the form
Π(λ) =Π0 exp(−2σ2RMλ
4) , (A2)
where σRM is the RM dispersion of the Faraday screen within a single beam. A smoothly interpolating simple approximation
to a Burn law can be provided using a Gaussian model, see e.g. equation 5 in Section 4.3. Nevertheless, observations show
that significant polarized emission continues to be detectable at relatively large wavelengths (e.g. Tribble 1991), showing that
the relationship between polarized fraction and wavelength cannot be as strong as a function of λ4 for all sources. Evidence for
deviations from a Burn law have also been found from diffuse polarized emission (Gießübel et al. 2013). The equations of Burn
(1966) were extended by Tribble (1991) to show that at long wavelengths (λ > λ1/2, where λ1/2 is the wavelength at which the
polarized fraction is half its maximum value) the polarized fraction can decrease via a power law such that
Π(λ) =Π0
[
s0/t
2σRM
√
2
]
λ−2 , (A3)
where s0/t is a measure of the resolution, with t being related to the beam FWHM= 2t
√
ln2 and s0 being the size of the
RM fluctuations. Importantly, Tribble (1991) shows that depending on the precise form of the structure function of the RM
fluctuations, the polarization can actually fall off such that Π ∝ λ−4/m (and not only as Π ∝ λ−2), where m has been shown
observationally to approximately vary between 1 and 4 (Goodlet 2004). Furthermore, the Tribble models are all calculated in the
source rest-frame, such that the regime λ > λ1/2 is not well-defined without extensive prior measurements of a radio source. A
more general solution is therefore given by
Π(λ) = Aλβ , (A4)
where A is some constant and β is a polarization spectral index. Note that β is defined in the opposite sense to the total intensity
spectral index, α, in that it is the exponent of observing frequency rather than wavelength. Such power laws have previously
been used to define polarization spectral energy distributions (Eichendorf & Reinhardt 1979; Battye et al. 2011). A smoothly
interpolating fit for a Tribble law can be provided using a power law model, see e.g. equation 6 in Section 4.3.
More recently, it has also been shown that the polarization can decrease as a function of λ4 at smaller wavelengths – as proposed
by Burn (1966) – but then remains unexpectedly constant out to longer wavelengths (e.g. Mantovani et al. 2009). There have
been attempts to explain these SEDs as a result of ‘partial coverage’, with the explanation that only a fraction of the source is
covered by an inhomogeneous Faraday screen (e.g. Rossetti et al. 2008; Mantovani et al. 2009; Bernet et al. 2012). In an effort
to derive σRM for these sources, Rossetti et al. (2008) make an empirical modification to equation A2 so that
Π(λ) =Π0
[
fc exp(−2σ2RMλ
4)+ (1− fc)
]
, (A5)
where fc is interpreted as the covered (depolarizing) fraction of the source, with the uncovered fraction (1− fc) retaining a constant
Π out to arbitrarily long wavelengths. This model was found to be more successful in reproducing the form of some polarized
SEDs (e.g. Rossetti et al. 2008; Mantovani et al. 2009). A smoothly interpolating simple approximation for a Rossetti–Mantovani
law can be provided using a Gaussian with a constant term, see e.g. equation 7 in Section 4.3.
As a point of further interest, Burn (1966) also considered a partial coverage model. Under the assumption that depolarization
could be originating from discrete clouds in the Galaxy, there would be N average clouds along the line of sight. Following
Rossetti et al. (2008), if N 1 the depolarization is similar to equation A2, while several lines of sight will not intersect any cloud
if N 1. Consequently, wavelength-independent polarization may emerge through gaps in this ‘Faraday web’. Theoretically
Π(λ) =Π0 exp[−N(1− exp[2F2c λ
4])] , (A6)
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where Fc is the RM of a single cloud. Such clouds may reasonably exist in the environment surrounding a radio source. Such
a functional form also follows a similar decline to that of equation A5, and high-quality data would be needed to distinguish
between these similar models.
A.4. Spectral Depolarization/Repolarization
Differences in the total intensity spectral index of components in an unresolved source can result in different regions of a source
being probed at different observing frequencies. The effect of a typical radio galaxy which has a flat-spectrum, weakly polarized
core combined with steep-spectrum, more-highly polarized lobes/jets, can be observed in a significant number of sources (e.g.
Conway et al. 1974). This ‘spectral depolarization’ tends to give rise to a prominent peaked structure in a plot of Π versus λ.
In some cases, this may also give rise to behavior analogous to beating between two oscillatory components (Goldstein & Reed
1984; Farnsworth et al. 2011). A smoothly interpolating simple approximation for a Spectral Depolarizer can be provided using
a Gaussian model, see e.g. equation 5 in Section 4.3.
Some sources also exhibit ‘inverse depolarization’ or ‘repolarization’, with the polarized fraction increasing at longer
wavelengths (Homan et al. 2002; Mantovani et al. 2009; Hovatta et al. 2012). This is again likely the consequence of a multiple
unresolved components within a compact source, and the probing of different emitting regions at different frequencies. Such
repolarization can also be explained as increased ordering of the magnetic field in the component of the source nearest to the
observer along the line of sight. At lower frequencies, the emitting region further into the source depolarizes – effectively
constituting a measurement of different source components at different observational frequencies. Increasing Π could also arise
in the unresolved, optically-thick core region where one is observing different parts of the jet at different wavelengths (e.g.
Konigl 1982). A smoothly interpolating simple approximation for a repolarizer can be provided using a power law model, see
e.g. equation 6 in Section 4.3.
Other explanations have also been proposed, and repolarization could occur in jets that are well separated from the core in the
optically thin part of the jet, and are also reasonably isolated from other strong jet features (Hovatta et al. 2012; Homan 2012).
Other suggested physical models propose that internal Faraday rotation acts to align the polarization from the far and near sides
of a jet, leading to increased Π at longer wavelengths. Helical and randomly tangled magnetic fields have also been suggested as
being responsible (e.g. Sokoloff et al. 1998; Homan 2012).
B. CATALOG QUANTITIES
Data for all sources and the associated fitted and calculated properties are provided as machine-readable tables. There are two
versions of the catalog available, the ‘Full-catalog’ and the ‘SED-catalog’ respectively. The column headings are identical in
both catalog versions, and the SED-catalog is just a subset of rows from our primary data product, the Full-catalog. The column
headings of both catalogs are described in Table B1. Selected columns for the first 45 sources in the SED-catalog are presented
in Tables 3 to 7 in Section 5.
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Table B1
Quantities in both of the catalogs, listed in order of the corresponding column numbers. All errors are the one sigma uncertainties.
Column Format Name Description Units
1 I5 Source_Num Source number in the NVSS RM catalog of Taylor et al. (2009), from 1 to 37543. · · ·
2 A13 Source_Name Source name in the original NVSS catalog of Condon et al. (1998). · · ·
3 A12 RA_str Right ascension, from the NVSS (J2000). · · ·
4 A12 DEC_str Declination, from the NVSS (J2000). · · ·
5 F9.5 RA Right ascension, from the NVSS (J2000). ◦
6 F8.5 DEC Declination, from the NVSS (J2000). ◦
7 F8.4 G_lon Galactic Longitude, from the NVSS. ◦
8 F8.4 G_lat Galactic Latitude, from the NVSS. ◦
9 I2 Num_Data Number of polarized data. · · ·
10 I2 Num_Data_I Number of total intensity data. · · ·
11–79 F6.3 Lambda Raw polarization wavelength data. Each element is listed in Table B2. cm
80–148 F5.2 Pol_Frac Raw polarization fraction data. Each element is listed in Table B2. %
149–217 F5.2 Pol_Frac_err Raw polarization fraction error data. Each element is listed in Table B2. %
218–286 F6.2 Pol_Angle Raw polarization angle data. Each element is listed in Table B2. ◦
287–355 F6.2 Pol_Angle_err Raw polarization angle error data. Each element is listed in Table B2. ◦
356–376 F6.3 I_Lambda Raw total intensity wavelength data. Each element is listed in Table B3. cm
377–397 F7.2 I_Flux Raw total intensity flux density data. Each element is listed in Table B3. mJy
398–418 F7.2 I_Flux_err Raw total intensity flux density error data. Each element is listed in Table B3. mJy
419 A5 Depol_Type The selected polarization SED model classification. The possible combinations are listed in Table B4. · · ·
420 A9 Depol_Physics The selected physical model classification. This classification is determined using Depol_Type, together
with constraints on the coefficients ci. The possible combinations are listed in Table B4.
· · ·
421 F7.3 c1 Coefficient c1 for the selected polarization SED model. See Table B5
422 F7.3 c2 Coefficient c2 for the selected polarization SED model. See Table B5
423 F7.3 c3 Coefficient c3 for the selected polarization SED model. See Table B5
424 F7.3 c4 Coefficient c4 for the selected polarization SED model. See Table B5
425 F7.3 c1_err Error in coefficient c1 for the selected polarization SED model. See Table B5
426 F7.3 c2_err Error in coefficient c2 for the selected polarization SED model. See Table B5
427 F7.3 c3_err Error in coefficient c3 for the selected polarization SED model. See Table B5
428 F7.3 c4_err Error in coefficient c4 for the selected polarization SED model. See Table B5
429 F7.3 Depol_KS Depolarization Kolmogorov–Smirnov statistic for the selected polarization SED model and the polarized
fraction versus λ data.
· · ·
430 F7.3 Depol_KS_Pval Depolarization p-value for the selected polarization SED model and the polarized fraction versus λ data
from the Kolmogorov–Smirnov statistic.
· · ·
431 F7.3 Depol_Chi2 Depolarization reduced χ2 for the selected polarization SED model and the polarized fraction versus λ
data.
· · ·
432 F7.3 Depol_Chi2_Pval Depolarization p-value for the selected polarization SED model and the polarized fraction versus λ data
from the χ2 statistic.
· · ·
433 I1 Data_Flag A data quality flag that describes the model fit of an SED, calculated based on the combination of the other
statistical tests. Has a value of 1, 2, or 3 and is provided as an indicative measure only; these correspond to
‘accept’, ‘caution’, and ‘poor’ respectively.
· · ·
434 F7.3 Pol_Beta_c1 Polarization spectral index coefficient, c1, such thatΠ = 10c1λβ . · · ·
435 F7.3 Pol_Beta Polarization spectral index, β, such thatΠ = 10c1λβ . · · ·
436 F7.3 Pol_Beta_err Error in the polarization spectral index, β. · · ·
437 F7.3 Pol_Beta_Chi2 The reduced χ2 for the polarization spectral index and the polarized fraction versus λ data. · · ·
438 F7.3 Pol_Beta_Chi2_Pval The p-value for the polarization spectral index and the polarized fraction versus λ data from theχ2 statistic. · · ·
439 F7.3 Pol_Beta_KS The Kolmogorov–Smirnov statistic for the polarization spectral index and the polarized fraction versus λ
data.
· · ·
440 F7.3 Pol_Beta_KS_Pval The p-value for the polarization spectral index and the polarized fraction versus λ data from the
Kolmogorov–Smirnov statistic.
· · ·
441 F7.3 z Redshift of the source from Hammond et al. (2012). · · ·
442 F7.3 z_err Error in the redshift of the source from Hammond et al. (2012). · · ·
443 A8 Selected_Obj Classification of the object type from Hammond et al. (2012). · · ·
444 A1 I_Class The selected total intensity spectral index classification, either ‘R’ for a regular power law, ‘C’ for a curved
power law, or ‘2’ for a two-point spectral index.
· · ·
445 F7.3 I_alpha_d1 Spectral index coefficient d1 for the selected total intensity SED model. See Table B5
446 F7.3 I_alpha Total intensity spectral index, α, and equivalently the coefficient d2 for the selected total intensity SED
model.
See Table B5
447 F7.3 I_alpha_d3 Spectral index coefficient d3 for the selected total intensity SED model. See Table B5
448 F7.3 I_alpha_d1_err Error in the spectral index coefficient d1 for the selected total intensity SED model. See Table B5
449 F7.3 I_alpha_err Error in the total intensity spectral index,α, and equivalently the coefficient d2 for the selected total intensity
SED model.
See Table B5
450 F7.3 I_alpha_d3_err Error in the spectral index coefficient d3 for the selected total intensity SED model. See Table B5
451 F7.3 I_Chi2 Spectral Index reduced χ2 for the regular power law model fit to the total intensity versus frequency data. · · ·
452 F7.3 I_Chi2_Curved Spectral Index reduced χ2 for the curved power law model fit to the total intensity versus frequency data. · · ·
453 F7.3 I_Pval Spectral Index p-value for the regular power law model and the total intensity versus frequency data. · · ·
454 F7.3 I_Pval_Curved Spectral Index p-value for the curved power law model and the total intensity versus frequency data. · · ·
455 F7.2 RM_Broad Broadband RM calculated using the EVPA versus λ2 data. rad m−2
456 F7.2 RM_Broad_err Error in the broadband RM calculated using the EVPA versus λ2 data. rad m−2
457 F7.2 EVPA_Broad Intrinsic EVPA calculated using the EVPA versus λ2 data. ◦
458 F7.2 EVPA_Broad_err Error in the intrinsic EVPA calculated using the EVPA versus λ2 data. ◦
459 F7.3 RM_Broad_Chi2 Broadband RM reduced χ2 for the selected broadband RM model and the EVPA versus λ2 data. · · ·
460 F7.3 RM_Broad_Pval Broadband RM p-value for the selected broadband RM model and the EVPA versus λ2 data. · · ·
461 F6.1 NVSS_RM NVSS RM from Taylor et al. (2009). rad m−2
462 F6.1 NVSS_RM_err Error in the NVSS RM from Taylor et al. (2009). rad m−2
463 F5.1 I NVSS total intensity (Stokes I) from Taylor et al. (2009). mJy
464 F5.1 I_err Error in the NVSS total intensity (Stokes I) from Taylor et al. (2009). mJy
465 F5.1 P NVSS polarized intensity, P = (Q2 +U2), from Taylor et al. (2009). mJy
466 F5.1 P_err Error in the NVSS polarized intensity, P = (Q2 +U2), from Taylor et al. (2009). mJy
467 F4.1 PI NVSS fractional polarization,Π = (Q2 +U2)/I, from Taylor et al. (2009). %
468 F4.1 PI_err Error in the NVSS fractional polarization,Π = (Q2 +U2)/I, from Taylor et al. (2009). %
469 A1 Major_axis_limit Upper limit on the major axis measurement from Condon et al. (1998), either blank for a determined
measurement, or ‘<’ for an upper limit.
· · ·
470 F4.1 Major_axis Major axis size from Condon et al. (1998). arcsec
471 F4.1 Major_axis_err Error in the major axis size from Condon et al. (1998). arcsec
472 A1 Minor_axis_limit Upper limit on the minor axis measurement from Condon et al. (1998), either blank for a determined
measurement, or ‘<’ for an upper limit.
· · ·
473 F4.1 Minor_axis Minor axis size from Condon et al. (1998). arcsec
474 F4.1 Minor_axis_err Error in the minor axis size from Condon et al. (1998). arcsec
475 F5.1 NVSS_PA Position angle from Condon et al. (1998). ◦
476 F5.1 NVSS_PA_err Error in the position angle from Condon et al. (1998). ◦
477 F5.2 L The logarithm of the estimated non-thermal rest-frame luminosity of the source at 1.4 GHz. log10(Lν /W Hz
−1)
478 F5.2 L_err Error in the logarithm of the luminosity. log10(∆Lν /W Hz
−1)
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Table B2
The data provided in each element of the polarization data arrays
Element # Abbrev. Frequency Wavelength
/MHz /cm
1 NVSS/NVSS RM 1400 21.41
2 AT20G 4860 6.169
3 · · · 8640 3.470
4 · · · 20000 1.499
5 T03 1400 21.41
6 · · · 2496 12.01
7 · · · 4800 6.246
8 · · · 8640 3.470
9 Z99 4700 6.379
10 B3-VLA 2695 11.12
11 · · · 4850 6.181
12 · · · 10500 2.855
13 SN80/SN81/SN82 1580–14750 18.97– 2.032
...
...
...
17 · · · 1580–14750 18.97–2.032
18 TI80 404–99930 74.21–0.300
...
...
...
69 · · · 404–99930 74.21–0.300
Table B3
The data provided in each element of the total intensity data
arrays
Element # Abbrev. Frequency Wavelength
/MHz /cm
1 NVSS/NVSS RM 1400 21.414
2 AT20G 4860 6.169
3 · · · 8640 3.470
4 · · · 20000 1.499
5 T03 1400 21.414
6 · · · 2496 12.011
7 · · · 4800 6.246
8 · · · 8640 3.470
9 Z99 4700 6.379
10 B3-VLA 2695 11.124
11 · · · 4850 6.181
12 · · · 10500 2.855
13 SN80/SN81/SN82 1580–14750 18.974–2.032
...
...
...
17 · · · 1580–14750 18.974–2.032
18 WENSS 326 91.961
19 Texas 365 82.135
20 GB6 4850 6.181
21 NORTH6CM 4850 6.181
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Table B4
Selection of a Depol_Physics classification, using Depol_Type and the ci
coefficients
Depol_Type Equation # c1 c2 c3 c4 Depol_Physics
gauss 5 · · · ≤ 7.5 · · · · · · burn
gauss 5 · · · > 7.5 · · · · · · peaked
power 6 · · · > 0 · · · · · · increase
power 6 · · · ≤ 0 · · · · · · tribble
gau+t 7 · · · · · · · · · · · · mantovani
Table B5
Units of the ci and di coefficients as per the selected equation. Coefficients ci correspond to the polarized SED, while coefficients di
correspond to the total intensity SED.
Equation # c1 c2 c3 c4 d1 d2 d3
5 per cent (%) centimetres (cm) centimetres (cm) N/A · · · · · · · · ·
6 log10
[
per cent (%)
]
unitless N/A N/A · · · · · · · · ·
7 per cent (%) centimetres (cm) centimetres (cm) per cent (%) · · · · · · · · ·
8 · · · · · · · · · · · · millijansky (mJy) unitless N/A
9 · · · · · · · · · · · · millijansky (mJy) unitless unitless
